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ABSTRACT c 
The t e r n S a l t Lake g roup i s h e r e u s e d t o i n c l u d e a l l r o c k s t h a t a r e 
p o s t - W a s a t c h ( P a l e o c e n e and Eocene) and p r e — P l e i s t o c e n e i n a g e . Cn t h e 
b a s i s of v a r i e d l i t h o l o g i e s , s o i l p r o f i l e s , e r o s i o n a l u n c o n f o r m i t i e s , and 
s t r u c t u r a l d e f o r m a t i o n , t h e S a l t Lake g r o u p h a s been s u b d i v i d e d a s f o l l o w s ; 
T r a v e r s e v o l c a n i c s and J o r d a n Narrows u n i t s ( o l d e s t ) , Camp W i l l i a m s u n i t 5 
T r a v e r t i n e u n i t , and t h e H a r k e r s f a n g l o m e r a t e u n i t ( y o u n g e s t ) . The 
commonest r o c k t y p e s i n t h e T r a v e r s e v o l c a n i c s a r e r e d d i s h t o p u r p l e 
a n d e s i t e s and s n d e s i t e b r e c c i a s , a u g i t e and hi o t i t e - h o r n b l e n d e l a t i t e s 
and l a t i t e f l o w s , and l e s s e r amounts of r h y o l i t e and b a s a l t . A w h i t e 
m a r l s t o n e i s t h e dominan t l i t h o l o g i c t y p e of t h e J o r d a n Narrows u n i t . I n 
a d d i t i o n i t c o n t a i n s o o l i t i c , a r g i l l a c e o u s , and c h e r t y l i m e s t o n e s , s a n d ­
s t o n e s , c l a y s , and r h y o l i t i c t u f f s . These a r e a l l f r e s h w a t e r l a c u s t r i n e 
d e p o s i t s and were d e r i v e d from and d e p o s i t e d a l m o s t c o n t e m p o r a n e o u s l y w i t h 
t h e T r a v e r s e v o l c a n i c s . The Camp W i l l i a m s u n i t i s composed of r e d t o t a n 
c o l o r e d muds tones and s i l t s t o n e s and a b a s a l c o n g l o m e r a t e of i g n e o u s 
d e t r i t u s . A l l a r e p o o r l y c o n s o l i d a t e d . The T r a v e r t i n e u n i t c o n s i s t s of 
a w h i t e d e n s e , m a s s i v e , t r a v e r t i n e which c o n t a i n s some s m a l l l e n s - l i k e 
a c c u m u l a t i o n s of manganese d i o x i d e . The H a r k e r s f a n g l o m e r a t e u n i t i s a 
l i g h t c o l o r e d , p o o r l y c o n s o l i d a t e d , t o r r e n t i a l s t r e a m d e p o s i t and i s 
composed of P a l e o z o i c q u a r t s i t e s and l i m e s t o n e s w i t h s m a l l e r amounts o f 
i g n e o u s f r a g m e n t s . S e v e r a l mud r o c k f l ows o c c u r i n t h e S a l t Lake g r o u p . 
Dips up t o 3 0 ' a r e common and a r e most p r o n o u n c e d n e a r d e m o n s t r a b l e 
o r i n f e r r e d f a u l t s . F o l d i n g i s p o s s i b l y r e s p o n s i b l e f o r g e n t l e r e g i o n a l 
d i p s . A f a u l t m o s a i c h a s b e e n mapped i n t h e J o r d a n Narrows a r e a . 
i 
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iti n i t t i  l , lace ,   l i t , s -
 layl'i ,  l i t i c t f .   ll esh \'1 t  l ustr  
it   · .... r  ri .... e  f r om  sit d l t t r sl  it  
t  ra er s  lca i . e a  rlil ia s  i s c pos  f r  t o t  
col or ed udstone s and sil t stone s and a basal conglo er ate of igneous 
d trit us o ll are poorly consol i dat ed. The ravertine unit consis ts of 
a uhite dense, massive, travertine '"hich contains some small l ens- like 
accu ulati ons of nngancse dioxide . The Harkers f anelomer c.t e uni t i s a 
light col ored, poor l y consolidat ed, torrential s treaM deposit and is 
compos ed of Paleozoic qu.::.rtzit es and limestones "lit h s:raller amounts of 
i p;neous frag.lents. Sever al moo rod: no~·,s occur in the Salt Lake group. 
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A ped iment a l o n g t h e e a s t f l a n k of t h e O q u i r r h M o u n t a i n s i s bounded 
on t h e wes t by a normal f a u l t and on t h e e a s t by t h e B o n n e v i l l e s h o r e l i n e . 
Hie ped iment was e r o d e d a c r o s s r o c k s c h i e f l y of t h e S a l t Lake g r o u p . L a t e r 
e r o s i o n h a s p r o d u c e d one and p o s s i b l y two l o w e r s u r f a c e s . 
The T e r t i a r y g e o l o g y of T o o e l e V a l l e y and t h e S t a n s b u r y M o u n t a i n s i s 
s l i g h t l y s i m i l a r t o t h a t o f l o w e r J o r d a n V a l l e y and t h e O q u i r r h M o u n t a i n s 0 
( l ) S t r a t i g r a p h i c a l l y t h e r e s e m b l a n c e i s l i m i t e d t o t h e t h i c k v o l c a n i c 
s e q u e n c e and f a n g l o m e r a t e u n i t o f t h e S t a n s b u r y Moun ta ins b o t h o f which 
migh t b e c o r r e l a t e d w i t h t h e T r a v e r s e v o l c a n i c s and H a r k e r s f a n g l o m e r a t e , 
r e s p e c t i v e l y , i n t h e O q u i r r h M o u n t a i n s . Ho s e d i m e n t a r y d e p o s i t s have b e e n 
found i n Tooe l e V a l l e y t h a t would c o r r e s p o n d t o t h e J o r d a n N a r r o w s , Camp 
I fL l l i ams , and T r a v e r t i n e u n i t s of J o r d a n V a l l e y . ( 2 ) Remnants o f an o l d 
pediment f l a n k t h e S t a n s b u r y M o u n t a i n s on t h e e a s t , b u t t h i s ped imen t i s 
n o t a s e x t e n s i v e o r w e l l - d e f i n e d a s t h e one c o m p r i s i n g t h e O q u i r r h F o o t ­
h i l l s . (3 ) S t r u c t u r a l l y T o o e l e V a l l e y i s d e p r e s s e d l i k e t h e J o r d a n V a l l e y 
b l o c k . F a u l t i n g h a s deformed t h e r o c k s o f t h e S a l t Lake g r o u p i n t h e S t a n s ­
b u r y M o u n t a i n s and p r o d u c e d a r e g i o n a l d i p e a s t w a r d of 1 0 ° t o 2 0 ° . The 
s e d i m e n t a r y u n i t s of t h e S a l t Lake g r o u p a r e n e a r l y h o r i z o n t a l i n t h e O q u i r r h 
M o u n t a i n s . 
The R o z e l H i l l s a r e composed of i n t e r b e d d e d b a s a l t f l ows and l a c u s t r i n e 
l i m e s t o n e s o f t h e S a l t Lake g r o u p b u t d i f f e r from t h e T e r t i a r y r o c k s o f 
t h e O q u i r r h and S t a n s b u r y Moun ta in s i n t h e f o l l o w i n g r e s p e c t s ; t h e i g n e o u s 
r o c k s a r e l i m i t e d t o b a s a l t f l o w s ; t h e l i m e s t o n e s a r e t h e o n l y s e d i m e n t a r y 
( T e r t i a r y ) r o c k s which c r o p o u t a l t h o u g h m a r l s , t u f f s , and c o n g l o m e r a t e s 
o c c u r i n t h e s u b s u r f a c e ; t h e r o c k s have a r e g i o n a l d i p of 1 3 ° t o t h e n o r t h ­
e a s t . 
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I n c o n c l u s i o n t h e w r i t e r f i n d s t h a t v a r i a t i o n i n t h e s e d i m e n t a r y r o c k s 
from one l o c a l i t y t o t h e n e x t i s t h e no rma l r a t h e r t h a n t h e e x c e p t i o n a l 
c o n d i t i o n . Th i s i s p r o b a b l y t r u e f o r t h e B a s i n and Range p r o v i n c e a s a 
whole due t o numerous l a k e s , i s o l a t e d b l o c k f a u l t m o u n t a i n s i n t e r m i t t e n t l y 
r e j u v e n a t e d , and w i d e s p r e a d , spasmod ic v o l c a n i c a c t i v i t y . F o s s i l s a r e 
s c a r c e and c o r r e l a t i o n d i f f i c u l t . 
An o u t l i n e of t h e T e r t i a r y g e o l o g i c h i s t o r y of t h e S a l t Lake g r o u p 
i n J o r d a n V a l l e y i s p r o p o s e d a s f o l l o w s : ( i ) Vo lcan i sm ( e a . r l y - 0 1 i g o c e n e ( ? ) 
t o mid-Miocene ( ? ) ) accompanied b y l a c u s t r i n e s e d i m e n t a t i o n . T h i s was t h e 
t i m e of d e p o s i t i o n of t h e T r a v e r s e v o l c a n i c s and J o r d a n Narrows u n i t s . 
(2 ) D i s a p p e a r a n c e of t h e l a k e , some d e f o r m a t i o n and e r o s i o n , and d e p o s i t i o n 
of t h e f l u v i a l Gamp Will jams u n i t i n l a t e Miocene ( ? ) t i m e . (3) S i g n i f i c a n t 
b l o c k f a u l t i n g -along t h e e a s t f l a n k o f t h e O q u i r r h Moun ta in s i n e a r l y ( ? ) 
P l i o c e n e t i m e and d e p o s i t i o n o f t h e H a r k e r s f a n g l o m e r a t e . ( 4 ) P e d i m e n t a t i o n 
of a l l u v i a l f a n s composed of H a r k e r s f a n g l o m e r a t e c u l m i n a t i n g i n l a t e 
P l i o c e n e . (5 ) I n c i s i o n of t h e ped imen t d u r i n g t h e P l e i s t o c e n e . 
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INTRODUCTION 
P u r p o s e 
T h i s s t u d y was u n d e r t a k e n i n a n a t t e m p t t o d e l i n e a t e more p r e c i s e l y 
t h e s t r a t i g r a p h i c u n i t s o f t h e S a l t Lake g r o u p and t h e i r r e l a t i o n s h i p s 
w i t h i n t h e G r e a t S a l t Lake B a s i n . The S a l t Lake g r o u p h a s b e e n a c o n v e n i e n t 
d e s i g n a t i o n f o r a l l T e r t i a r y r o c k s t h a t a r e p o s t - W a s a t c h a n d p r e - P l e i s t o c e n e 
i n a g e . I t seems l i k e l y t h a t over such a l o n g t i m e s p a n , a v a r i e d h i s t o r y 
would have b e e n r e c o r d e d , a t l e a s t p a r t i a l l y , i n t h e s e d i m e n t s . Such s e d i ­
ments a r e f o r t h e most p a r t b u r i e d b y t h e Q u a t e r n a r y a l l u v i u m , and a l t h o u g h 
t h e y do c r o p o u t t o a l i m i t e d e x t e n t , t h e y h a v e n o t b e e n c a r e f u l l y s t u d i e d 
p r e v i o u s l y . 
The o r i g i n a l i n t e n t of t h e w r i t e r was t o make a s t r a t i g r a p h i c and s e d i ­
m e n t a r y i n v e s t i g a t i o n of t h e s u b s u r f a c e p o r t i o n s o f t h e S a l t Lake g r o u p . 
Th i s p r o v e d i n f e a s i b l e b e c a u s e few w e l l s d r i l l e d i n t h e a r e a e v e r p e n e t r a t e d 
T e r t i a r y s t r a t a . F u r t h e r m o r e , few s a m p l e s o r c o r e s were k e p t o f t h e w e l l s 
which p e n e t r a t e d t h e T e r t i a r y d e p o s i t s . Dur ing t h e f i r s t s i x months o f 
1 9 5 5 , however , e x p l o r a t i o n f o r b o t h o i l a n d w a t e r h a s r e s u l t e d i n s e v e r a l 
h o l e s b e i n g d r i l l e d i n t o and t h r o u g h T e r t i a r y b e d s . The i n f o r m a t i o n g l e a n e d 
from t h e s e was mos t welcome and h a s b e e n i n c o r p o r a t e d i n t h e t e x t . 
L o c a t i o n , S c o p e , and A c c e s s i b i l i t y 
As d e f i n e d i n t h i s p a p e r , t h e G r e a t S a l t Lake B a s i n i s a n a r e a a p p r o x i ­
m a t e l y 50 m i l e s wide and 100 m i l e s l o n g i n n o r t h c e n t r a l U tah . The Wasatch 
M o u n t a i n s l i e a l o n g t h e e a s t s i d e o f t h e b a s i n . S o u t h Moun ta in and t h e 
T r a v e r s e Mounta ins c o n s t i t u t e t h e s o u t h e r n b o u n d a r y . The n o r t h e r n and 
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w e s t e r n l i m i t s a r e somewhat a r b i t r a r y . See i n d e x map,. P l a t e I . W i t h i n 
t h i s a r e a t h r e e l o c a l i t i e s were s t u d i e d i n d e t a i l . 
S e v e r a l , paved h ighways c r o s s t h e b a s i n and many f i r s t c l a s s h a r d - t o p 
r o a d s s e r v e t h e s u b u r b a n a r e a s of S a l t Lake C i t y and o u t l y i n g fa rm d i s t r i c t s 
Most o f t h e s e c o n d a r y r o a d s g i v i n g a c c e s s t o t h e f o o t h i l l s a r e m a i n t a i n e d 
by r a i l r o a d and m i n i n g c o m p a n i e s . 
Geomorphology 
G r e a t S a l t Lake B a s i n i s a p o r t i o n o f t h e B a s i n and Range p h y s i o g r a p h i c 
p r o v i n c e and c o n t a i n s a number of geomorphic u n i t s ? t h e s e a r e J o r d a n , 
T o o e l e , and S k u l l v a l l e y s , t h e T r a v e r s e , O q u i r r h , S t a n s b u r y , L a k e s i d e , and 
Sou th P romon to ry M o u n t a i n s , a l o n g w i t h G r e a t S a l t Lake and some of i t s 
a s s o c i a t e d s a l t f l a t s . The g e n e r a l b a s i n and v a l l e y f l o o r s have an e l e v a t i o n 
of a b o u t 4200 f e e t above s e a l e v e l . The c r e s t l i n e s of t h e m o u n t a i n s l i e 
5000 t o 6000 f e e t above t h e b a s i n f l o o r . 
The J o r d a n , Weber , and Bear R i v e r s a r e t h e o n l y m a j o r s t r e a m s f l o w i n g 
i n t o t h e b a s i n . The re i s no d r a i n a g e o u t l e t . 
Rock U n i t s 
Cenozo ic r o c k s u n d e r l i e most o f t h e f o o t h i l l b e l t s , v a l l e y s , and b a s i n 
f l o o r . They f a l l i n t o t h r e e c a t e g o r i e s . 
1 . I g n e o u s , b o t h e x t r u s i v e and i n t r u s i v e . 
2 . L a c u s t r i n e c l a s t i c and c h e m i c a l s e d i m e n t s . 
3 . F l u v i a l d e p o s i t s . 
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The m o u n t a i n s a r e composed p r i m a r i l y of P a l e o z o i c q u a r t z i t e , l i m e s t o n e , 
s a n d s t o n e , and sha l e . , and s e c o n d a r i l y of i n t r u s i v e d i o r i t e s and m o n z o n i t e s . 
F i e l d Work 
F i e l d work was' a c c o m p l i s h e d d u r i n g t h e summers of 1954 and 1955• Most 
of t h e t i m e was d e v o t e d t o p r e p a r i n g g e o l o g i c maps , m e a s u r i n g s e c t i o n s , 
and c o l l e c t i n g sample s 0 The s a m p l e s were examined f o r m i c r o f o s s i l s i n t h e 
l a b o r a t o r y . The West. T r a v e r s e Moun ta in s and e a s t f l a n k of t h e O q u i r r h 
Mounta ins were mapped ( P l a t e XVl l ) u s i n g t h e L a r k , Magna, and J o r d a n Narrows 
t o p o g r a p h i c q u a d r a n g l e s h e e t s of t h e U. S, G e o l o g i c a l S u r v e y ( s c a l e 1 : 2 4 , 0 0 0 ) 
f o r c o n t r o l . I t p r o v e d n e c e s s a r y t o examine and map an a r e a of s i x s q u a r e 
m i l e s a l o n g t h e J o r d a n R i v e r i n c o n s i d e r a b l e d e t a i l . T h i s w i l l b e r e f e r r e d 
t o a s t h e J o r d a n Narrows e n l a r g e m e n t ( P l a t e X V I I ) . C o n s t r u c t i o n of a map 
of t h e R o z e l H i l l s ( P l a t e XVI I I ) was u n d e r t a k e n u s i n g a e r i a l p h o t o g r a p h s 
o b t a i n e d from t h e A e r i a l P h o t o g r a p h i c and E n g i n e e r i n g L a b o r a t o r y of t h e U. S. 
A g r i c u l t u r a l Depar tment a s a g u i d e . 
P r e v i o u s Work 
Hayden (1869? p . 9 2 ) a p p l i e d t h e name S a l t Lake g r o u p t o t h e T e r t i a r y 
m a r l s , s a n d s , and s a n d s t o n e s I n S a l t Lake and Weber V a l l e y s . He a s s i g n e d 
a l a t e T e r t i a r y age t o t h e g roup and r e c o r d e d a maximum t h i c k n e s s o f 1 ,200 
f e e t . Members of t h e Hayden s u r v e y r e g a r d e d t h e s e beds as l a c u s t r i n e i n 
o r i g i n . A p p a r e n t l y , P e a l e ( 1 8 7 9 , p p . 5 3 3 , 649) was r e s p o n s i b l e f o r e x t e n d i n g 
t h e t e r m S a l t Lake g roup i n t o I d a h o . He assumed t h a t t h e l a c u s t r i n e d e p o s i t s 
~    i aril   i   limes e,
 le  ril    it  onzonites . 
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o f s o u t h e a s t e r n I d a h o were l a i d down i n t h e same l a k e r e f e r r e d t o by H a y d e n ? s 
g r o u p . O t h e r e a r l y w o r k e r s who f u r t h e r d e s c r i b e d and d e f i n e d t h e S a l t Lake 
g roup were Emmons ( 1 8 7 5 , p . 3&l)$ G i l b e r t ( 1 8 9 0 , p p . 9 8 0 - 1 0 1 ) , and M a n s f i e l d 
( 1 9 2 0 , ppo 3 9 9 - 4 0 6 ) , 
P a l e o n t o l o g i c a l i n v e s t i g a t i o n s c o n s i s t of s t u d i e s of m o l l u s k s i n t h e 
S a l t Lake g r o u p by Yen ( 1 9 4 6 , 1947)$ o f p l a n t f r a g m e n t s from Cache V a l l e y 
by Brown ( 1 9 4 9 ) * a ^ d o f t h e m i c r o f o s s i l s by Swain (1947) and Edmis t en ( 1 9 5 2 ) c 
The m i c r o f o s s i l s c o n s i s t m a i n l y of o s t r a c o d e s and c h a r o p h y t e s 0 
The mos t e x t e n s i v e work on t h e S a l t Lake g roup of G r e a t S a l t Lake B a s i n 
i s by Ro E e M a r s e l l ( 1 9 3 2 ) 0 I n d i s c u s s i n g t h e g e o l o g y of t h e J o r d a n N a r r o w s , 
M a r s e l l ( p p . , 45=49) d e s c r i b e s t h e l i t h e - l o g i c u n i t s a s m a r l s , l i m e s t o n e s , 
p n m i c i t e s , o o l i t i c l i m e s t o n e s , s a n d s , and c l a y s a l l of f r e s h w a t e r o r i g i n . 
He o b s e r v e d t h a t t h e w h i t e c o l o r of t h e m a r l s and l i m e s t o n e s i s t y p i c a l of 
t h e S a l t Lake g r o u p . A P l i o c e n e age was p roposed f o r t h e e x p o s e d s t r a t a . 
He found v e r t e b r a t e r e m a i n s i n a t r a v e r t i n e d e p o s i t which were o r i g i n a l l y 
d e s i g n a t e d a s P l e i s t o c e n e , , S t i r t o n and Savage ( 1 9 5 2 , o r a l c i t a t i o n ) l a t e r 
d a t e d them a s B l a n c a n ( l a t e P l i o c e n e ) . M a r s e l l a l s o p r e p a r e d a t o p o g r a p h i c 
and g e o l o g i c map of t h e e n t i r e T r a v e r s e Mounta ins and J o r d a n N a r r o w s . Un­
f o r t u n a t e l y t h e r e a r e no c o p i e s of t h e g e o l o g i c map now a v a i l a b l e . 
E a r d l e y and Haas ( 1 9 3 6 , p . 67) i n r e v i e w i n g t h e o i l and g a s p o s s i b i l i t i e s 
of G r e a t S a l t Lake B a s i n , r e f e r t o t h e S a l t Lake g r o u p and d e s c r i b e t h e s e d i ­
men t s a s v o l c a n i c c o n g l o m e r a t e s and t u f f s , c l a y s , m a r l s and m a r l s t o n e s , 
c o n c r e t i o n a r y and o o l i t i c l i m e s t o n e s . These a r e c l a s s e d as f l u v i a l and 
l a c u s t r i n e d e p o s i t s . I t was a l s o i n d i c a t e d t h a t t h e b a s a l t s and l i m e s t o n e s 
a t R o z e l P o i n t s h o u l d be p a r t o f t h e S a l t Lake g r o u p . They c o n c l u d e ( p p . 6 7 -
68) " t h a t t h e S a l t Lake f o r m a t i o n has w i d e s p r e a d o c c u r r e n c e . . . . Most of t h e 
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f o r m a t i o n i s now o b s c u r e d by t h e o v e r l y i n g Recen t a l l u v i u m o f t h e v a l l e y 
f i l l . " 
A map of T o o e l e V a l l e y was p r e p a r e d by Thomas (1946) i n c o n n e c t i o n w i t h 
h i s s t u d y o f t h e ground w a t e r i n t h a t a r e a . He r e p o r t s t h a t ( p . , 116) 
" t h e S a l t Lake g r o u p forms t h e f o o t h i l l s l o p e s above t h e h i g h e s t s h o r e l i n e 
of Lake B o n n e v i l l e i n d i s c o n t i n u o u s a r e a s a l o n g t h e m a r g i n o f T o o e l e V a l l e y . 
I n t h e s e e x p o s u r e s t h e f o r m a t i o n i s a t y p i c a l f a n g l o m e r a t e . " 
G v o s d e t s k y and i.Iawkes ( 1 9 5 3 , p p . 1 5 - 1 6 ) r e f e r t o t h e w e l l - s t r a t i f i e d 
S a l t Lake f o r m a t i o n i n t h e Bacchus P i t , a bo r row p i t , j u s t s o u t h e a s t of Magna, 
U t a h . I n p a r t i c u l a r , Gvosde t sky s t u d i e d t h e s o i l p r o f i l e s d e v e l o p e d on t h e 
e r o d e d s u r f a c e of t h e S a l t Lake f o r m a t i o n and c o n c l u d e d t h a t t h e y a r e p r e -
P l e i s t o c e n e . 
O t h e r a u t h o r s who have w r i t t e n on t h e S a l t Lake g r o u p o u t s i d e o f G r e a t 
S a l t Lake B a s i n a r e Ludlum ( 1 9 4 3 ) , K e l l e r ( 1 9 5 2 ) , W i l l i a m s ( 1 9 5 2 ) , S m i t h 
( 1 9 5 3 ) , Hunt ( 1 9 5 3 ) , F e l t s ( 1 9 5 4 ) , Adamson, Hardy and W i l l i a m s ( 1 9 5 5 ) . 
Ac knowledgements 
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U n i v e r s i t y of Utah f o r a s s i s t a n c e and e n c o u r a g e m e n t b o t h i n f i e l d work and 
i n t h e p r e p a r a t i o n of t h e m a n u s c r i p t . P r o f e s s o r R. E . M a r s e l l ' s d e t a i l e d 
knowledge of t h e G r e a t S a l t Lake B a s i n g r e a t l y f a c i l i t a t e d t h e work and 
D r . A. J . E a r d l e y ' s c r i t i c a l a t t e n t i o n t o t h e maps and m a n u s c r i p t s was 
a p p r e c i a t e d . D r . Wm. Lee S t o k e s c o n t r i b u t e d t o t h e s t r a t i g r a p h i c d i s c u s s i o n 
and c r i t i c a l l y r e a d t h e m a n u s c r i p t . D r . D e J . J o n e s a s s i s t e d w i t h t h e micro-
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GEOLOGY OF THE JORDAN NARROWS 
I n t r o d u c t i o n 
At n o o t h e r p l a c e i n t h e G r e a t S a l t Lake B a s i n i s t h e r e a b e t t e r o r 
more c o m p l e t e e x p o s u r e of T e r t i a r y s e d i m e n t s t h a n i n t h e J o r d a n N a r r o w s 0 
I n t h i s a r e a i t h a s b e e n p o s s i b l e t o r e c o g n i z e t h e s e v e r a l u n i t s i n t h e S a l t 
Lake g r o u p and t o work o u t t h e i r r e l a t i o n s h i p s t o e a c h o t h e r and t o t h e 
y o u n g e r Q u a t e r n a r y d e p o s i t s , ( P l a t e X V I I ) e 
The name J o r d a n Narrows i s d e r i v e d f rom a w a t e r g a p i n t h e T r a v e r s e 
M o u n t a i n s t h r o u g h wh ich t h e J o r d a n R i v e r f l o w s n o r t h w a r d o n i t s way f rom U t a h 
Lake t o G r e a t S a l t L a k e c The T r a v e r s e M o u n t a i n s , an e a s t - w e s t r a n g e c o n n e c ­
t i n g t h e Wasa tch and O q u i r r h M o u n t a i n s , a r e t h u s s p l i t by t h e J o r d a n Narrows 
i n t o a p p r o x i m a t e l y e q u a l p a r t s * Camp W i l l i a m s , a m i l i t a r y r e s e r v a t i o n u s e d 
d 4. nil 
by t h e N a t i o n a l Guard u n i t s i n t h e summer, i s l o c a t e d j u s t t o t h e w e s t o f t h e 
Narrows
 0 
V a r i o u s a s p e c t s of t h e J o r d a n Narrows and t h e r o c k s e x p o s e d t h e r e h a v e 
b e e n d e a l t w i t h by M a r s e l l ( 1 9 3 2 ) , L o f g r e n ( 1 9 4 7 ) , E d m i s t e n ( 1 9 5 2 ) , and 
H u n t , V a r n e s , and Thomas (1953)o P r o f e s s o r R . E„ M a r s e l l h a s b e e n c o n c e r n e d 
w i t h t h e p r o b l e m s of w a t e r s u p p l y f o r a number o f y e a r s and h a s a c c u m u l a t e d 
a l a r g e s t o r e of u n p u b l i s h e d i n f o r m a t i o n r e l a t i v e t o t h e g e o l o g y o f t h e a r e a * 
Geography and Geomorphology 
The J o r d a n R i v e r i s d e s c r i b e d by M a r s e l l ( 1 9 3 2 , p . 1 5 ) a s 
" t h e p r i n c i p a l s t r e a m i n t h e r e g i o n . T h r o u g h o u t i t s e n t i r e 
c o u r s e , t h i s r i v e r i s i n t h e o l d a g e s t a g e o f t h e g e o ­
g r a p h i c c y c l e . T h i s c o n d i t i o n c h a r a c t e r i z e s i t s v a l l e y 
t h r o u g h o u t t h e e n t i r e d i s t a n c e down t o G r e a t S a l t Lake* 
The e x p l a n a t i o n of t h i s anomaly i s found i n t h e c i r c u m s t a n c e 
7 
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by the National Guard UOits in the summer, is located Juot to the ",t ot tho 
Harrows. 
Various aspects of the Jordan Narrows and the rocks exposed then haft 
be.n dealt with by IIarseU (1932) , Lotgren (1947) , F4aisten (1952), am 
Hunt , Varnes , and Thcaa8 (1953). Prote.sor R. E. llarsen baa boon .o .... rnocI 
with the problems of water supply for a number of years and haa accuaulated 
a large store of unpublished informat i on relative to the geology ot the area. 
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t h a t t h e r i v e r f lows from s o u r c e t o mouth a c r o s s t h e f l a t 
b o t t o m of a n c i e n t Lake B o n n e v i l l e , w i t h a t o t a l f a l l of 
o n l y 290 f e e t i n a d i s t a n c e of a b o u t 45 m i l e s
 c
 18 
Beef h o l l o w d r a i n s a p o r t i o n o f t h e Wes te rn T r a v e r s e M o u n t a i n s a d ­
j a c e n t t o t h e J o r d a n h a r r o w s and e n t e r s t h e J o r d a n R i v e r t o w a r d t h e n o r t h 
end of t h e w a t e r g a p 0 I t c a r r i e s w a t e r o n l y i n t h e e a r l y s p r i n g from 
m e l t i n g s n o w s , o r from o c c a s s i o n a l c l o u d b u r s t s . 
The J o r d a n Narrows has an o v e r a l l l e n g t h of 3 / 4 of a m i l e and i s 1/4 
m i l e w i d e 0 T o t a l r e l i e f from t h e r i v e r b o t t o m t o t h e c r e s t o f t h e T r a v e r s e 
Moun ta in s i s a b o u t 1800 f e e t b u t o n l y t h e l o w e r p o r t i o n h a s s t e e p v a l l e y 
w a l l s o 
T h i s b r e a k t h r o u g h t h e T r a v e r s e Mounta ins s e r v e s a s a t r a n s p o r t a t i o n 
f u n n e l b e t w e e n Utah and J o r d a n V a l l e y s ( b e t t e r d e s i g n a t e d a s u p p e r and l o w e r 
J o r d a n V a l l e y s ) ( M a r s e l l , 1 9 5 5 , p e r s o n a l c o m m u n i c a t i o n ) „ I t c o n t a i n s s e v e r a l 
major h i g h w a y s , r a i l r o a d l i n e s , and numerous i r r i g a t i o n c a n a l s „ The l a t t e r 
s t em from t h e dam on t h e J o r d a n R i v e r and a s s i s t i n d i s t r i b u t i n g t h e w a t e r 
t h r o u g h o u t t h e l ower J o r d a n V a l l e y 0 One c a n a l f lows t o Magna, Utah a d i s ­
t a n c e of some 25 m i l e s o 
M a r s e l l ( 1 9 3 2 , p p 0 , 1 1 - 1 3 ) c h a r a c t e r i z e s t h e T r a v e r s e Mounta ins a s 
f o l l o w s : 
"When v iewed from S a l t Lake V a l l e y , t h e T r a v e r s e Moun ta in s 
a p p e a r t o t h e s o u t h as a l o w , f l a t - t o p p e d mass of s p r a w l i n g , 
r ounded h i l l s and r i d g e s
 0 00 The l o w , rounded summits and 
g e n t l e , b r o a d b a c k e d r i d g e s g i v e them an a p p e a r a n c e t h a t c o n ­
t r a s t s m a r k e d l y w i t h t h e h i g h , s h a r p peaks and s e r r a t e r i d g e s 
o f t h e n e i g h b o r i n g Wasatch Mounta ins« I n t h o s e p a r t s o f t h e 
T r a v e r s e Mounta ins t h a t b o r d e r t h e J o r d a n Narrows w a t e r gap 
t h e mos t c o n s p i c u o u s s u r f a c e forms a r e t h o s e r e s u l t i n g from 
t h e work of Lake B o n n e v i l l e , whose w a t e r s a t t h e h i g h e s t 
s t a g e s l a p p e d w e l l upon t h e f l a n k s of t h e r a n g e „ " 
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S t r a t i g r a p h y 
Mgjor d i v i s i o n s 
P a l e o z o i c r o c k s make up t h e c o r e o f t h e T r a v e r s e M o u n t a i n s b u t a r e 
t o a c o n s i d e r a b l e e x t e n t b u r i e d u n d e r T e r t i a r y e x t r u s i v e f l o w s t h a t e x t e n d 
w e l l i n t o J o r d a n V a l l e y u n d e r t h e c o v e r o f y o u n g e r s e d i m e n t s e No a t t e m p t 
h a s b e e n made t o map t h e f o r m a t i o n s o f P a l e o s e l e a g e 0 The S a l t t a k e g r o u p 
i s e x c e l l e n t l y e x p o s e d i n t h e J o r d a n N a r r o w s , and i s d i v i d e d i n t o t h r e e 
p r i n c i p a l u n i t s o The v a r i e d l l t h o l o g l e s , s o i l p r o f i l e s , e r o s i o a a l u n e o n » 
f o n o i t i e s , and s t r u c t u r a l d e f o r m a t i o n a l l p o i n t t o a l o q g ^ s o B p l l o a t e d ^ 
g e o l o g i c h i s t o r y o I t i s hoped t h a t t h e new u n i t s p r o p o s e d h e r e i n w i l l p r o v e 
u s a b l e and s e r v e a s a g u i d e f o r f u r t h e r T e r t i a r y s t u d i e s w i t h i n t h e G r e a t 
S a l t Lake B a s i n
 0 
T e r t i a r y s e c t i o n 
The J o r d a n Nar rows s e c t i o n was c o m p i l e d f rom r o c k s e x p o s e d a l o n g t h e 
w e s t bank o f t h e J o r d a n Nar rows and i n Beef H o l l o w . A c h a n n e l s e c t i o n was 
o b t a i n e d by r e m o v i n g t h e w e a t h e r e d s u r f a c e m a t e r i a l and c o l l e c t i n g f r e s h 
rocko A sample was t a k e n f o r e a c h t w o » f o o t i n t e r v a l . T h e s e s a m p l e s w e r e 
l a t e r examined i n t h e l a b o r a t o r y f o r m i c r o f o s s i l s and l i t h o l o g l c c h a r a c t e r ­
i s t i c s . No m e g a f o s s i l s were d i s c o v e r e d * The Q u a t e r n a r y s e d i m e n t s and 
y o u n g e s t T e r t i a r y f a n g l o m e r a t e were n o t sampled * 
P e e t 
R e c e n t s t r e a m t e r r a c e g r a v e l s and s e d i m e n t s 
o f Lake B o n n e v i l l e * F o r t h e m o s t p a r t t h e y 
a r e p o o r l y c o n s o l i d a t e d , w e l l s t r a t i f i e d , 
and h o r i z o n t a l * 0-1XX) 
— U n c o n f o r m i t y —— 
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H a r k e r s f a n g l o u e r a t e (new name) 
F a n g l o m e r a t e , t a n , v e r y p o o r l y cemen ted , 
sub-rounded p e b b l e s t o b o u l d e r s i n a s i l t y , 
s andy m a t r i x . Q u a r t z l t e s and l i m e s t o n e s 
p r e d o m i n a t e w i t h l e s s e r amounts of v o l c a n i c 
rockso These l a t t e r a r e u s u a l l y b a d l y 
w e a t h e r e d and d i s i n t e g r a t e r e a d i l y . A few 
l e n s e s of r e d d i s h brown s i l t a r e p r e s e n t . 
The t y p e s e c t i o n o f t h i s f o r m a t i o n i s 
i n H a r k e r s Canyon i n S e c t i o n 19? To 2 S . , 
R. 2 Wo, and w i l l be d e s c r i b e d f u l l y u n d e r 
a l a t e r h e a d i n g . 
a=
*™"
=
™' a a u l t 
Camp W i l l i a m s u n i t (new name) 
H u d s t o n e , l i g h t r e d t o l i g h t b rown, s a n d y , 
w i t h CaCO^ p r e s e n t i n s u f f i c i e n t amounts 
l o c a l l y t o y i e l d h a r d , w h i t e , n o d u l e s . 
Wea the r s t o b l o c k s w i t h c o n c h o i d a l f r a c t u r e . 
Sand i s composed of q u a r t z , m i c a , h o r n b l e n d e , 
gypsum, and c a l c i t e , w i t h a g g r e g a t e s of s i l t 
composed- of t h e same m i n e r a l s . 
Same a s above b u t i s s h a l y and c o n t a i n s f r a g ­
ments o f r h y o l i t i c t u f f p l u s a b u n d a n t v o l c a n i c 
d e t r i t u s . v 
Mudstone or s i l t s t o n e , l i g h t t o d a r k r e d d i s h 
brown wi th f r a g m e n t s of l i g h t . t a n c l a y which 
a r e h a r d and c a l c a r e o u s . Sand v e r y m i n o r . 
Weathered s u r f a c e i s m a s s i v e and b l o c k y . 
Same b u t w i t h s h a l y s t r e a k s and s a n d y l e n s e s . 
Color a l s o becomes l i g h t e r b e c a u s e of l a r g e r 
amounts of CaCQ^o 
S i l t s t o n e , l i g h t t a n t o p i n k , s i l t y , good t o 
p o o r l y cemented by CaCO^. Some p a r t i c l e s r a n g e 
i n s i z e from p e b b l e s t o l u t i t e . The sand i s com­
posed o f q u a r t z , m i c a , f e l d s p a r s , c l a y m i n e r a l s , and 
s m a l l amounts of t h e d a r k f e r r o - m a g n e s l u m m i n e r a l s . 
Mud s t o n e , g r a y t o p i n k , s h a l y , a l t e r n a t i n g 
w i t h g r a y t o r e d d i s h f i n e g r a i n e d s a n d s t o n e 
t h a t i s w e l l i n d u r a t e d . This I n t e r v a l shows 
some b e d d i n g . 
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F e e t 
S a n d , g r a y , g r a d i n g i n t o a c o n g l o m e r a t e com­
p o s e d of b o u l d e r s s e v e r a l f e e t a c r o s s , g r a v e l s , 
and p o o r l y s t r a t i f i e d s a n d s . L e n s e s cemented w i t h 
CaC03 occur© L a r g e r f r a g m e n t s a r e somewhat 
r o u n d e d and p r i m a r i l y of v o l c a n i c o r i g i n w i t h 
l e s s e r amounts of q u a r t z i t e and l i m e s t o n e . 
T o t a l t h i c k n e s s 
marked e r o s i o n a l u n c o n f o r m i t y 
J o r d a n Narrows u n i t (new name) 
M a r l s t o n e , w h i t e t o l i g h t g r a y , v e r y h a r d and 
d e n s e e s p e c i a l l y i n t h e w e a t h e r e d s u r f a c e , 
b l o c k y f r a c t u r e s , c o n t a i n s s t r e a k s t h a t a r e 
h i g h e r i n c l a y m i n e r a l s and t h e s t r e a k s have 
a y e l l o w i s h t i n t . Sand and s i l t a r e s c a r c e 
and composed of w e l l r ounded q u a r t z , f e l d s p a r , 
and c a l c i t e f r a g m e n t s i^ i th s m a l l amounts o f 
m a g n e t i t e , m i c a , and h o r n b l e n d e 0 O s t r a c o d e s 
and c h a r o p h y t e s a r e p r e s e n t b u t v e r y s c a r c e c 
Manganese d i o x i d e s t a i n s and d e n d r i t e s a r e a 
v e r y c h a r a c t e r i s t i c f e a t u r e o f t h e m a r l s t o n e . 
Bedd ing i s l a c k i n g b u t c e r t a i n s t r a t a c o n t a i n 
h i g h e r amounts of c a l c i u m c a r b o n a t e and s t a n d 
o u t a s l e d g e s a l o n g t h e f a c e o f t h e o u t c r o p . 26 
( M a r l s t o n e a s d e f i n e d i n t h i s p a p e r i s 
a r o c k c o n t a i n i n g 25 t o 75 p e r c e n t CaCO^ w i t h 
t h e r e m a i n d e r p r i m a r i l y of c l a y e ) 
S a n d s t o n e , t a n , c o a r s e , p o o r l y c o n s o l i d a t e d , 
and c o n t a i n s mud and c l a y g a l l s 0 The s a n d 
g r a i n s a r e a n g u l a r t o s u b - r o u n d e d and c o n s i s t 
o f q u a r t z , f e l d s p a r , gypsum, h o r n b l e n d e , and 
m i c a , which i n d i c a t e s an i g n e o u s s o u r c e r o c k . 4 
M a r l s t o n e , a s a b o v e , r a n g i n g from a n e a r l y 
p u r e l i m e s t o n e t o a s l i g h t l y c a l c a r e o u s c l a y 
w i t h o s t r a c o d e and c h a r o p h y t e r e m a i n s more 
a b u n d a n t t h a n h i g h e r i n t h e s e c t i o n . 33 
S a n d s t o n e , t a n , w i t h a g g r e g a t e s of m a r l s t o n e 
and some c l a y g a l l s . 4 
M a r l s t o n e , somewhat o o l i t i c and t u f f a c e o u s and 
c o n t a i n i n g more c r y s t a l i n e c a l c i t e . 3 7 
Tu f f , g r a y , r h y o l i t i c , p o o r l y c o n s o l i d a t e d , p o r o u s , 
and composed p r e d o m i n a n t l y of g l a s s s h a r d s . 3 
» 
C l a y , p i n k , c a l c a r e o u s , s i l t y . 5 
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abundant than highe r in the section . 
Sandstone, tan, with aggregates of marls tone 
and. some clay galls . 
Marlstone, somewhat oolitic and tuffaceous and 
containing more crystal ine calcite . 
Tuff, gray, rhyolitiC, poorly consolida t ed, por ous , 
and composed predominantly of glass shards. 
la   silty.
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12 
S a n d s t o n e , l i g h t t a n , s i l t y , p o o r l y c o n s o l i d a t e d , 
c o n t a i n s s e v e r a l l e n s e s o f p e b b l e c o n g l o m e r a t e * 
D e r i v e d a p p a r e n t l y from v o l c a n i c r o c k s 0 More 
m a g n e t i t e p r e s e n t t h a n h i g h e r i n t h e s e c t i o n * 
O s t r a c o d e s and a few c h a r o p h y t e s t e m s r e c o r d e d * 
M a r l s t o n e , a s b e f o r e , b u t r a t h e r s i l t y * C o n t a i n s 
a b u n d a n t c a l c a r e o u s t u b e s t h a t a r e c a s t s of p l a n t 
s t e m s and r o o t s * 
Covered by s lump* 
S i l t s t o n e , l i g h t g r a y , l o o s e l y cemen ted by 
CaCOo and composed p r i m a r i l y o f i g n e o u s 
e l a s t i c s w i t h q u a r t s a b u n d a n t , no l a m i n a t i o n s 
o r b e d d i n g * 
L i m e s t o n e , w h i t e , v e r y h a r d and d e n s e , s t a i n e d 
w i t h MnC>2 d e n d r i t e s 0 I t c o n t a i n s many c a l c a r e o u s 
r o d s t h a t r e p r e s e n t r o o t r e p l a c e m e n t s , and h a s 
s t r e a k s o f y e l l o w c h e r t * C a l c l t e c r y s t a l s v e r y f i n e . 
Same b u t more s i l t y and v e r y p o r o u s , w i t h t h e 
s i l t b e i n g d e r i v e d f rom i g n e o u s r o c k s * 
M a r l s t o n e , w h i t e , s l i g h t l y o o l i t i c , a l t e r n a t i n g 
w i t h b u f f c o l o r e d c l a y s c o n t a i n i n g c a r b o n a c e o u s 
f r a g m e n t s * 
S a n d s t o n e , g r a y t o b u f f , d i r t y , some g r a v e l , 
p o o r l y c o n s o l i d a t e d * C l a y s a r e s l i g h t l y b e n -
t o n i t i c and t h e s a n d i s composed o f i g n e o u s 
d e t r i t u s * 
L i m e s t o n e , w h i t e , a s a b o v e 0 
M a r l s t o n e , w h i t e , p o r o u s , i n t e r b e d d e d w i t h 
t a n t o y e l l o w c l a y s t h a t a r e s h a l y and some­
wha t s i l i c i o u s o O s t r a c o d e s and c h a r o p h y t e s 
p r e s e n t b u t n o t a b u n d a n t * 
L i m e s t o n e , w h i t e , a r g i l l a c e o u s and t u f f a c e o u s , 
s t a i n e d w i t h Mn02* 
M a r l s t o n e , p i n k , s i l t y , and o o l i t i c * C h e r t y 
s t r e a k s * 
S h a l e , g r a y , c a l c a r e o u s , g r a d i n g i n t o a p o r o u s 
m a r l s t o n e h a v i n g a v e s i c u l a r a p p e a r a n c e * The 
o p e n i n g s a r e f i l l e d w i t h wha t a p p e a r s t o b e 
c l a y g a l l s o r t i n y c o n c r e t i o n s * Base n o t e x ­
posed* 
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(Moved t o Beef Ho l low, i n t e r v a l m i s s i n g ) 20 ? 
L i m e s t o n e , t a n t o p i n k , v e r y h a r d , p o r o u s , 
m a s s i v e , l e d g e f o r m e r , b l o c k y f r a c t u r e , 
s i l t y s t r e a k s and v u g g y , vugs f i l l e d w i t h 
c r y s t a l l i n e c a l c i t e e T h e r e a r e a few sand 
g r a i n s of q u a r t z , f e l d s p a r , m i c a , h o r n b l e n d e , 
and m a g n e t i t e o 9 
Muds tone , r e d t o b rown, c a l c a r e o u s , s o f t . 3 
L i m e s t o n e , p i n k t o t a n , a r g i l l a c e o u s , v e i y 
h a r d and much a s a b o v e c Mass ive and forms 
l e d g e s . 13 
L imes tone same a s above a l t e r n a t i n g w i t h a 
m a r l s t o n e h a v i n g b l o c k y , c o n c h o i d a l f r a c t u r e . 
Base n o t e x p o s e d , 35 
T o t a l t h i c k n e s s 3 4 0 - 3 7 0 
p r o b l e m _ q f ^ n o m e n c l a t u r e 
The t e r m s S a l t Lake g r o u p and S a l t Lake f o r m a t i o n a r e b o t h u s e d i n 
t h e l i t e r a t u r e . , Wl lmar th ( 1 9 3 8 , p . 1397) f o l l o w e d M a n s f i e l d ( 1 9 2 7 , p . 110 ) 
and used t h e t e r m S a l t Lake f o r m a t i o n . E a r d l e y ( 1 9 4 4 , p p . 8 4 5 - 8 4 6 ) u sed 
t h e t e r m S a l t Lake g r o u p and p l a c e d t h e Norwood t u f f ( O l i g o c e n e ) a t t h e 
b a s e . He w r i t e s , "when t h e i n t e r m o n t a n e v a l l e y s wes t of t h e Wasa tch become 
b e t t e r known s t r a t i g r a p h i c a l l y , t h e S a l t Lake g r o u p may b e found t o i n c l u d e 
s e v e r a l f o r m a t i o n s , p e r h a p s s e p a r a t e d by c o n s i d e r a b l e p a r t s o f t h e T e r t i a r y , 
T h i s p o s s i b i l i t y e m p h a s i z e s t h e n e c e s s i t y of a new f o r m a t i o n a l n a m e . " 
W i l l i a m s (1952) i n Smi th ( 1 9 3 3 , pp» 7 3 - 7 5 ) p r o p o s e d t h r e e f o r m a t i o n s w i t h i n 
t h e S a l t Lake g r o u p . These a r e , from o l d e s t t o y o u n g e s t , t h e C o l l i n s t o n 
c o n g l o m e r a t e , West S p r i n g s f o r m a t i o n , and Cache V a l l e y f o r m a t i o n . K e l l e r (195^) 
a l s o w o r k i n g i n n o r t h e r n Utah and s o u t h e a s t e r n I d a h o i n t r o d u c e d t h e Mink 
C r e e k c o n g l o m e r a t e which Adamson, Hardy , and W i l l i a m s (1955) have i n c o r p o r a t e d 
I n t o t h e S a l t Lake g r o u p . 
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I t t h u s seems a p p a r e n t t h a t t h e v a r i o u s r o c k u n i t s t h r o u g h o u t n o r t h e r n 
Utah and s o u t h e a s t e r n Idaho i d e n t i f i e d a s b e l o n g i n g t o t h e m i d d l e and 
l a t e T e r t i a r y can n o t be p l a c e d I n one f o r m a t I o n 0 T h e r e i s a s y e t l i t t l e 
f o s s i l e v i d e n c e o r s u b s u r f a c e d a t a , however , t o e s t a b l i s h t i m e e q u i v a l e n c e 
of t h e s e d e p o s i t s t o t h o s e i n t h e G r e a t S a l t Lake B a s i n , 
Most of t h e T e r t i a r y r o c k s of t h e G r e a t S a l t Lake B a s i n a r e p r o b a b l y 
l o c a l and d i s c o n t i n u o u s 0 They do n o t e x t e n d from one l o c a l i t y t o a n o t h e r 
o v e r a d i s t a n c e of 100 o r 200 m i l e s and f o r t h i s r e a s o n some s t r a t i g r a p h e r s 
would h e s i t a t e t o a c c o r d t h e l o c a l d e p o s i t s t h e r a n k of f o r m a t i o n s c How­
e v e r , I t may be s e e n i n t h e above r e f e r e n c e s t h a t t h i s h a s b e e n d o n e . The 
d e p o s i t s c a n n o t b e d e s i g n a t e d a s members , t o n g u e s , l e n s e s , o r c h a n n e l s 
of t h i c k o r e x t e n s i v e f o r m a t i o n s , s i n c e t h i s i s n o t t h e i r t r u e n a t u r e . 
I f t h e s e d e p o s i t s a r e named by t h e i r dominant l i t h o l o g y , t h e n a c c o r d i n g t o 
e x i s t i n g r u l e s o f s t r a t i g r a p h i c n o m e n c l a t u r e t h e y a r e c l a s s e d a s f o r m a t i o n s . 
I n a p p l i c a t i o n t o t h e d e p o s i t s o f t h e G r e a t B a s i n t h i s i s u n f o r t u n a , t e , b e ­
c a u s e n o t h i n g i s more c h a r a c t e r i s t i c of some of them t h a n t h e i r l i t h o l o g i e s , 
v i z ; f a n g l o m e r a t e , a g g l o m e r a t e , o r t u f f , y e t we h e s i t a t e t o c a l l them by 
t h e s e l i t h o l o g i e s s i n c e i n d o i n g s o we would i n d i c a t e them a s t r u e f o r m a t i o n s , 
when p e r h a p s some o f them s h o u l d n o t be so d i g n i f i e d . 
The d e p o s i t s a r e e x t r e m e l y s i g n i f i c a n t , however , i n c o n s t r u c t i n g t h e 
e r o g e n i c , e r o s i o n a l , s e d i m e n t a r y , and l i f e r e c o r d of t h e T e r t i a r y i n t h e 
B a s i n and Range r e g i o n and d e s e r v e r e c o g n i t i o n . P r o f e s s o r S t o k e s and E a r d l e y 
b e l i e v e t h a t t h e y s h o u l d be c a l l e d g r o u p s o r f o r m a t i o n s , b u t u n t i l t h e p r o b l e m 
c a n b e b r o u g h t t o t h e a t t e n t i o n of t h e g e o l o g i c a l p r o f e s s i o n , t h e d i v i s i o n s 
of t h e T e r t i a r y h e r e r e c o g n i z e d w i l l be c a l l e d u n i t s . Thus a s a p r e ­
c a u t i o n a r y measu re t h e d i f f i c u l t y i s c i r c u m v e n t e d b u t n o t s o l v e d . 
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J o r d a n Narrows u n i t >. 
A w h i t e m a r l s t o n e i s t h e mos t common r o c k i n t h e J o r d a n Narrows u n i t 
b u t i n a d d i t i o n i t c o n t a i n s o o l i t i c , a r g i l l a c e o u s , and c h e r t y l i m e s t o n e s , 
s a n d s t o n e s , c l a y s and r h y o l i t i c t u f f s . These a r e a l l f r e s h w a t e r l a c u s t r i n e 
d e p o s i t s . The m a r l s t o n e s and l i m e s t o n e s w e a t h e r o u t as b l o c k s and a r e good 
l e d g e fo rmer s„ The g e n e r a l l y w h i t e c o l o r of t h e o u t c r o p s i s a d i s t i n c t 
mark o f t h e u n i t i n t h e G r e a t S a l t Lake B a s i n . I t s t o t a l t h i c k n e s s i s u n ­
known b u t e x c e e d s 300 f e e t ( t h i s p a p e r , p . 1 3 ) , and p e r h a p s 2 , 0 0 0 f e e t . 
The d i s c o r d a n c e of d i p s and e r o s i o n a l u n c o n f o r m i t y a t t h e t o p o f t h e 
J o r d a n Narrows u n i t i n d i c a t e s t h a t i t s d e p o s i t i o n was f o l l o w e d by a t i m e 
l a p s e accompanied by f a u l t i n g and f o l d i n g . A g e n e r a l s o u t h e a s t e r l y d i p of 
a p p r o x i m a t e l y 1 5 ° i s common b u t by no means c o n s i s t e n t . E x a m i n a t i o n of t h e 
J o r d a n Narrows e n l a r g e m e n t ( P l a t e XVTI) w i l l show i t s f a u l t b l o c k n a t u r e . 
The a r e a l e x t e n t of t h i s u n i t i s n o t d e f i n i t e l y known, b u t t h e r e i s 
some s u g g e s t i o n t h a t i t u n d e r l i e s t h e e n t i r e J o r d a n V a l l e y . ] ?a rd ley and 
Haas ( 1 9 3 6 , p p . 73 -74 ) m e n t i o n m a r l s and t u f f s d r i l l e d i n t o a t 1300 f e e t 
i n a w e l l wes t of S a l t Lake C i t y . H u n t , V a r n e s , and Thomas ( 1 9 5 3 , P* 13) 
i n Utah V a l l e y ( u p p e r J o r d a n V a l l e y ) r e f e r t o w h i t e c l a y s p e n e t r a t e d a t a 
d e p t h of ISO f e e t i n a w a t e r w e l l . The n e a r e s t o u t c r o p i s 16 m i l e s t o t h e 
n o r t h w e s t a l o n g t h e e a s t f l a n k of t h e O q u i r r h Moun ta in s and w i l l be d i s c u s s e d 
l a t e r . 
No f o s s i l e v i d e n c e i s known by which a d a t e c a n be a s s i g n e d t o t h i s 
d e p o s i t . The o s t r a c o d e s i n i t seem t o i n d i c a t e a M i o c e n e - P l i o c e n e age 
a c c o r d i n g t o D„ J . J o n e s ( p e r s o n a l c o m m u n i c a t i o n ) . I t s l i t h o l o g y i s s i m i l a r 
t o t h a t of t h e Norwood t u f f and l i k e t h e Norwood i s a f a c i e s o f t h e a n d e s i t i c 
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v o l c a n i c s of p o s i - L a r a m i d e a g e . Dr . Ea r d i e y p r e f e r s t o c o r r e l a t e i t 
t e n t a t i v e l y w i t h t h e Norwood t u f f of e a r l y O l igocene (Chadron) a g e and 
h e s i t a t e s t o a c c e p t t h e o s t r a c o d e e v i d e n c e a s m e a n i n g f u l . 
I n o r d e r t o a l l o w s u f f i c i e n t t i m e f o r t h e g e o l o g i c e v e n t s which f o l l o w e d 
d e p o s i t i o n of t h e J o r d a n Harrows u n i t , t h e w r i t e r b e l i e v e s t h a t an u p p e r 
age l i m i t o f inid-Miocene must be p o s t u l a t e d . 
Camp W i l l i a m s u n i t 
The t e r m Camp W i l l i a m s i s d e r i v e d from t h e m i l i t a r y a r e a of t h e sains 
name* The camp i t s e l f I s bounded, on t h e e a s t by t h e J o r d a n R i v e r and on 
t h e n o r t h by Beef Hol low. E x c e l l e n t e x p o s u r e s o f t h e Camp W i l l i a m s u n i t can 
b e s e e n i n b o t h s t r e a m v a l l e y s . 
The r e d t o t a n c o l o r of t h e Gamp W i l l i a m s u n i t i s p e r h a p s i t s o u t s t a n d i n g 
c h a r a c t e r i s t i c . L i t h o l o g i c a l l y i t i s composed m o s t l y o f m u d s t o n e s and s i l t -
s t o n e s t h a t a r e p o o r l y c o n s o l i d a t e d and l e s s e r amounts of i m p u r e s a n d s t o n e 
t h a t commonly forms d i s t i n c t l e d g e s . A b a s a l c o n g l o m e r a t e p r i m a r i l y o f 
i g n e o u s d e t r i t u s i s a l s o p r e s e n t . 
The u n i t m e a s u r e s a t l e a s t 100 f e e t t h i c k b u t f o r t h e m o s t p a r t i s n o t 
c o m p l e t e l y e x p o s e d . Dips up t o 20° have been o b s e r v e d . 
T h i s s e d i m e n t a r y u n i t a p p a r e n t l y r e p r e s e n t s a f l u v i a l e n v i r o n m e n t w i t h 
o c c a s i o n a l f l o o d - p l a i n l a k e s i n w h i c h some o f the w e l l - b e d d e d s t r a t a c o u l d 
have c o l l e c t e d . I t s known a r e a ] , e x t e n t i s r a t h e r l i m i t e d and c o n f i n e d t o 
t h e J o r d a n Narrows and i m m e d i a t e v i c i n i t y « However, w e l l c u t t i n g s from two 
w a t e r w e l l s d r i l l e d n e a r t h e R i v e r t o n R e s e r v o i r , 3 m i l e s s o u t h of R i v e r t o n 
and abou t l / 2 m i l e n o r t h o f t h e T r a v e r s e Moun ta in s ( P l a t e I ) were examined . 
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They p roved t o be composed of t a n t o p i n k s i l t s , t a n t o l i g h t t a n c l a y s , 
and g r a v e l c o n s i s t i n g of i g n e o u s d e t r i t u s „ I n g e n e r a l t h e s o r t i n g was 
p o o r and t h e s e d i m e n t s u n c o n s o l i d a t e d * T o t a l d e p t h r e a c h e d was 676 f e e t . 
E x c e p t f o r t h e a l m o s t e n t i r e l a c k of c o n s o l i d a t i o n i n t h i s s u b s u r f a c e 
m a t e r i a l and t h e somewhat h i g h e r p e r c e n t a g e of i g n e o u s e l a s t i c s , i t c l o s e l y 
r e s e m b l e s t h e Camp W i l l i a m s u n i t . -In a b s o l u t e c o r r e l a t i o n I s i m p o s s i b l e 
w i t h o u t f u r t h e r s u b s u r f a c e d a t a . 
An a b r u p t c o l o r change from t h e w h i t e m a r l 3 t o n e s o f t h e J o r d a n Narrows 
u n i t t o t h e r e d s i l t s and s a n d s of t h e Camp W i l l i a m s u n i t can be s e e n from 
a d i s t a n c e and marks t h e u n c o n f o r m i t y b e t w e e n t h e s e two d e p o s i t s . C l o s e r 
examina t j on shows t h e s u r f a c e o f t h e J o r d a n Narrows u n i t t o b e v e r y r o u g h 
and i r r e g u l a r and t o have a r e l i e f of s e v e r a l f e e t ( P l a t e I I ) . The b a s a l 
c o n g l o m e r a t e of t h e Camp Wi l l i ams u n i t f u r t h e r d i s t i n g u i s h e s t h e u n c o n f o r m i t y . 
I n some p l a c e s , b o u l d e r s 2 t o A f e e t a c r o s s r e s t d i r e c t l y on t h e f i n e g r a i n e d 
m a r l s t o n e s . ' 
There i s an a n g u l a r d i s c o r d a n c e of a t l e a s t 5° be tween t h e s e two u n i t s 
whe re v iewed I n t h e J o r d a n H a r r o w s . 
A d e e p s o i l was d e v e l o p e d on t h e u p p e r p o r t i o n o f t h e Camp W i l l i a m s 
u n i t and i s p r e s e r v e d , i n t h e o u t c r o p s n o r t h of t h e J o r d a n N a r r o w s . The 
H a r k e r s f a n g l o m e r a t e o v e r l i e s t h e Camp W i l l i a m s u n i t w i t h a d i s c o r d a n c e o f 
a b o u t 7° o r i s i n f a u l t c o n t a c t w i t h i t t h r o u g h o u t t h e J o r d a n Narrows a r e a 
( P l a t e I I I , f i g u r e A ) . 
No f o s s i l s have b e e n found i n t h e Camp W i l l i a m s u n i t . However, s i n c e 
i t l i e s s t r a t i g r a p h i c a l l y b e t w e e n t h e J o r d a n Narrows u n i t ( e a r l y - O l i g o c e n e ( ? ) 
t o mid-Miocene ( ? ) ) and t h e T r a v e r t i n e u n i t ( l a t e P l i o c e n e ) , i t c an b e d a t e d 
o n l y a s p o s t - e a r l y O l i g o c e n e and p r e - l a t e P l i o c e n e , 
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White m a r l s t o n e of t h e J o r d a n Narrows ' u n i t o v e r l a i n u n ­
c o n f o r m a b l e by t h e Camp W i l l i a m s u n i t , " Kbte b a s a l c o n ­
g l o m e r a t e (A) of t h e Camp Wi l l i ams u n i t . Beds a r e d i p p i n g 
t o s o u t h e a s t . 
•• 
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• 
White marlstone of the Jordan Narro,,'s ' unit overlain un-
conformably by the Camp i'8.1liams unit • . Note basal con-
glOlOOrat e ( A~ of t he Camp Uilliruns uni t . Beds are dipping 
to s outheast • 
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A. West w a l l of J o r d a n Nar rows . showing from r i g h t t o l e f t 
t h e J o r d a n Narrows u n i t , e r o s i o n a l u n c o n f o r m i t y , Camp 
W i l l i a m s u n i t , f a u l t , H a r k e r s f a n g l o m e r a t e * Note a n g u l a r 
d i s c o r d a n c e o f d i p s i n t h e J o r d a n Narrows and Camp 
W i l l i a m s u n i t s . 
B . To t h e s o u t h of v i e w i n F i g u r e A. These a r e w e l l bedded 
s i l t s o f t h e Provo f o r m a t i o n and l a t e r g r a v e l s , b o t h t y p i c 
o f t h e P l e i s t o c e n e d e p o s i t s . 
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f r a v e r t i n e u n i t 
The T r a v e r t i n e d e p o s i t s a r e r a t h e r l i m i t e d i n e x t e n t and t h i c k n e s s . 
T h e i r l o c a t i o n can b e s e e n by e x a m i n a t i o n o f P l a t e XVII , p a r t i c u l a r l y t h e 
map l a b e l e d J o r d a n Narrows e n l a r g e m e n t . 
M a r s e l l ( 1 9 3 2 , p . 51) d e s c r i b e s t h e d e p o s i t s a s f o l l o w s ; 
"The r o c k i n hand s p e c i m e n s v a r i e s f rom d e n s e , m a s s i v e , 
f l i n t y t r a v e r t i n e t o c o a r s e , c r u s t i f o r m , o r e v e n c a v e r n o u s , 
l i m e s t o n e , o f t e n r e s e m b l i n g t u f a . The c o l o r i s w h i t e 
o r p a l e c ream. The r o c k I s h a r d e r and r e s i s t s w e a t h e r i n g 
b e t t e r t h a n t h e P l i o c e n e m a r l s t o n e s , which i t s u p e r ­
f i c i a l l y r e s e m b l e s . The ho t s p r i n g s which b u i l t up t h e 
t r a v e r t i n e d e p o s i t s a l s o formed l e n s - l i k e m a s s e s and 
v e i n s of manganese o r e . " 
The T r a v e r t i n e u n i t o v e r l i e s b o t h t h e Gamp W i l l i a m s and J o r d a n Harrows 
u n i t s . I t r a n g e s I n t h i c k n e s s from 20 f e e t o r g r e a t e r t o a v e r y t h i n v e n e e r . 
The t r a v e r t i n e d e p o s i t s a r e of p r ime i m p o r t a n c e i n t h a t t h e i r age i s 
w e l l - e s t a b l i s h e d by f o s s i l h o r s e r e m a i n s , S t i r t o n and Savage ( 1 9 5 2 , o r a l 
communica t ion ) have i d e n t i f i e d a jaw and t e e t h a s l a t e P l i o c e n e ( B l a n c a n ) . 
T h i s f o s s i l was found i n t h e u p p e r p o r t i o n o f t h e l a r g e s t t r a v e r t i n e o u t c r o p 
by M a r s e l l (1932.) one m i l e n o r t h w e s t of Camp W i l l i a m s . I t i s now p r e s e r v e d 
i n t h e Geology Museum of t h e U n i v e r s i t y of U t a h . 
The e x a c t r e l a t i o n s h i p of t h e T r a v e r t i n e u n i t t o t h e H a r k e r s f a n g l o m e r a t e 
i s unknown b u t t h e a u t h o r b e l i e v e s t h e y may be c o n t e m p o r a n e o u s . R e a s o n s f o r 
p r o p o s i n g a P l i o c e n e age f o r t h e H a r k e r s f a n g l o m e r a t e w i l l be p r e s e n t e d i n 
a l a t e r s e c t i o n on geomorpho logy . 
S i n c e f a u l t i n g was p ronounced i n t h e J o r d a n Narrows i n P l i o c e n e t i m e , 
t h e T r a v e r t i n e may have b e e n a d e p o s i t from s p r i n g s i s s u i n g a l o n g t h e f a u l t s 
d u r i n g t h i s t i m e . 
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H a r k e r s f a n g l o m e r a t e u n i t 
W i t h i n t h e J o r d a n Narrows p r o p e r t h e H a r k e r s f a n g l o m e r a t e i s i n f a u l t 
c o n t a c t w i t h t h e Camp Wi l l i ams u n i t ( P l a t e I I I , f i g u r e A) b u t e l s e w h e r e 
o v e r l i e s i t u n c o n f o r m a b l y ( P l a t e IV) and d i p s more g e n t l y t h a n e i t h e r o f t h e 
o l d e r d e p o s i t s , , 
S i n c e t h i s i s n o t t h e t y p e l o c a l i t y o f t h e H a r k e r s f a n g l o m e r a t e , i t s 
d e t a i l e d l i t h o l o g i c d e s c r i p t i o n w i l l b e r e s e r v e d f o r d i s c u s s i o n u n d e r t h e 
s e c t i o n e n t i t l e d O q u i r r h F o o t h i l l s , 
L o f g r e n ( 1 9 4 ^ , p , 17) w r i t e s t h a t " t h e f a n g l o m e r a t e ( H a r k e r s ) e x p o s u r e , 
i n t u r n , i s t r u n c a t e d and b u r i e d b e n e a t h t h e s e d i m e n t s of a n c i e n t Lake 
B o n n e v i l l e and more r e c e n t s t r e a m g r a v e l s , 1 1 P l a t e IV, f i g u r e B shows an 
o u t c r o p o f t h e t y p i c a l g r a v e l s , s a n d s , and s i l t s . 
One of t h e main p r o b l e m s e n c o u n t e r e d I s t h e s e p a r a t i o n o f l a t e P l i o c e n e 
from P l e i s t o c e n e s e d i m e n t s . F o s s i l e v i d e n c e i s u s u a l l y l a c k i n g and l i t h o l o g i e s 
a r c t o o s i m i l a r f o r u s e f u l f i e l d i d e n t i f i c a t i o n . The a u t h o r however , found 
s e v e r a l c r i t e r i a t h a t p r o v e d s a t i s f a c t o r y , a t l e a s t w i t h i n t h e G r e a t S a l t 
Lake B a s i n , f o r d i s t i n g u i s h i n g b e t w e e n t h e H a r k e r s f a n g l o m e r a t e and Q u a t e r n a r y 
d e p o s i t s , 
1 , D e f o r m a t i o n of t h e P l i o c e n e beds g i v e s them g e n t l e b u t 
d i s t i n c t d i p s . The P l e i s t o c e n e s t r a t a a r e f o r t h e mos t 
p a r t h o r i z o n t a l , M a r s e l l ( 1 9 4 8 , p . 110) n o t e s t h a t t h e 
Q u a t e r n a r y r o c k s show l i t t l e e v i d e n c e of a n y t e c t o n i c 
movements e x c e p t f o r m i n o r d i s l o c a t i o n s n e a r f a u l t s w i t h 
r e c e n t movement s , 
2 , I n g e n e r a l t h e l a t e r P l e i s t o c e n e m a t e r i a l s a r e b e t t e r 
s o r t e d , more r o u n d e d , and l e s s c o n s o l i d a t e d . I t i s 
t r u e t h a t t h e H a r k e r s f a n g l o m e r a t e c o u l d n o t b e c l a s s i f i e d 
a s a w e l l - i n d u r a t e d d e p o s i t , b u t i t d o e s I n many l o c a l i t i e s 
have s u f f i c i e n t cement t o a l l o w t h e f o r m a t i o n of d i s t i n c t 
l e d g e s a l o n g t n e canyon w a l l s . 
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PLATE IV 
F l u v i a l Camp W i l l i a m s u n i t i n J o r d a n V a l l e y n o r t h o f 
J o r d a n Nar rows . Beds d i p t o t h e s o u t h and a r e o v e r l a i n 
u n c o n f o r m a b l y by Q u a t e r n a r y r i v e r g r a v e l s . 
View of J o r d a n V a l l e y 2 m i l e s n o r t h of t h e J o r d a n N a r r o w s . 
The Red Camp W i l l i a m s u n i t (Tew) o v e r l a i n unconf o r m a b l y by 
t h e H a r k e r s f a n g l o m e r a t e (Th) which i s w e l l - c o n s o l i d a t e d 
i n t h i s a r e a . 
 
A. i l rlilli  it   al    
 an- ,",a       o rlai
l  r,   Rravel s
B. f  all   r    ~ rr . 
  i  c  f abl  b
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 ~ area. 
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A l though t h e H a r k e r s f a n g l o m e r a t e i s n o t w i t h o u t s o r t ­
i n g , i t i s s e e n orHj i n l e n s e s and wedges of l o c a l e x t e n t . 
I n t h e Q u a t e r n a r y d e p o s i t s , however , b e d s of t h e A l p i n e 
and Provo c l a y s 50 f e e t t h i c k can b e t r a c e d f o r s e v e r a l 
m i l e s o They a r e w e l l - s t r a t i f i e d and r e p r e s e n t l a c u s t r i n e 
d e p o s i t s i n c o n t r a s t t o t h e a l l u v i a l f a n o r i g i n of t h e 
f a n g l o m e r a t e . 
3 . The l a t e T e r t i a r y s e d i m e n t s a r e w i t h o u t geomorphic e x ­
p r e s s i o n i n c o n t r a s t t o t h e Q u a t e r n a r y d e p o s i t s which a r e 
found and I d e n t i f i e d as s p i t s , b a r s , a l l u v i a l f a n s , d e l t a s , 
and r i v e r t e r r a c e s . Tha t i s t o s a y , a l t h o u g h t h e m a t e r i a l s 
i n t h e S a l t Lake g r o u p were l a i d down a s l a c u s t r i n e b e d s , 
a l l u v i a l f a n s , mud r o c k f l o w s , e t c , t h e y can n o t b e d e ­
t e r m i n e d a s such, t o d a y from a n y geomorph ic e x p r e s s i o n t h e y 
now p o s s e s s . T h e i r o r i g i n a l forms h a v e b e e n l o s t b y b u r i a l 
and e r o s i o n d u r i n g t h e Q u a t e r n a r y p e r i o d , 
A. C o n s i d e r i n g t h e o v e r a l l p i c t u r e t h e e x t e n t o f t h e T e r t i a r y 
d e p o s i t s i s g r e a t e r t h a n t h a t o f t h e Q u a t e r n a r y . T h i s 
can b e s e e n p a r t i c u l a r l y on t h e f r i n g e s of t h e b a s i n where 
t h e T e r t i a r y d e p o s i t s l a p up t h e f l a n k s of t h e m o u n t a i n s 
much f a r t h e r . The H a r k e r s f a n g l o m e r a t e i s found up t o 
e l e v a t i o n s of 6000 f e e t o r more b u t t h e P l e i s t o c e n e s e d i ­
men t s seem t o l i e m a i n l y below t h e 5200 f o o t l e v e l . 
F u r t h e r d i s c u s s i o n of t h e Q u a t e r n a r y ' d e p o s i t s i s n o t a t t e m p t e d . The 
r e a d e r i s r e f e r r e d t o a p a p e r on t h e " Q u a t e r n a r y System i n U t a h " , b y 
R. S . M a r s e l l ( 1 9 4 8 ) . 
P a l e o n t o l o a 
D e t a i l e d e x a m i n a t i o n o f t h e c h a n n e l s a m p l e s t a k e n i n t h e J o r d a n Narrows 
y i e l d e d few m i c r o f o s s i l s . For t h e mos t p a r t t h e y were p e r s i s t a n t t h r o u g h o u t 
t h e J o r d a n Narrows u n i t b u t v e r y s c a r c e . I t o f t e n r e q u i r e d s e v e r a l h o u r s o f 
s e a r c h i n g i n one 200 gram sample t o f i n d a s i n g l e o s t r a c o d e . The q u e s t i o n , 
of c o u r s e , a r i s e s a s t o t h e v a l u e of such an i n t e n s i v e s e a r c h . F i r s t , t h e 
a u t h o r a t t e m p t e d t o d e t e r m i n e i f t h e r e were any d e f i n i t e f o s s i l z o n e s o r 
f o s s i l i f e r o u s s t r a t a t h a t c o u l d b e u s e d f o r c o r r e l a t i o n , and second i f t h e r e 
were any d i s t i n c t i v e m i c r o f o s s i l s t h a t m i g h t be h e l p f u l i n d a t i n g t h e d e p o s i t 
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more a c c u r a t e l y . The answer was n e g a t i v e i n b o t h r e s p e c t s . E d m i s t e n , how­
e v e r , ( 1 9 5 2 , po 36) s u g g e s t e d t h a t t h e S a l t Lake g r o u p ( J o r d a n Narrows u n i t ) 
m igh t be zoned on t h e b a s i s o f Char a x i s s a l t l a k e n s i s a l t h o u g h h e a d m i t s t h a t 
t h e f o s s i l s l i m i t e d t o o n l y one zone a r e r a r e . He r e p o r t e d t h e f o l l o w i n g 
m i c r o f o s s i l s ( 1 9 5 2 , p p . 7 6 - 7 8 ) . 
O s t r a c o d a Cha rophy ta 
Candona Cand ida A c l i s t o c h a r a l a s t i t r u n c a t a 
Candona c o m p r e s s a Chara c o n i c a 
C y p r i d o p s i s s a l t l a t a a s i s Char a s t r o b i l e c a r p a 
Oypro i s :: 1 . t a Chara i n c o n s p i c u s 
I d i m i i c y t h e r e l o b a t a Chara s u b o v a l i s i 
l a r rx i c f f i he re l i r a Chara t o r n a t a 
D a r w i n u l a s t evens o n i Cliara o b o v a t a 
C y p r i d o p s i s a n t e r o t u m i d a C h a r a x i s s a l t l a k e n s i s 
The a u t h o r found many o f t h e s e same spec imens and h a s l i t t l e t o add e x ­
c e p t f o r two s p e c i e s of Candona n o t p r e v i o u s l y r e p o r t e d . These a r e Candona 
k j n ^ s l e f y i and Candona Candida c f . a c u m i n a t a . F u r t h e r i t s h o u l d b e n o t e d t h a t 
E d m i s t e n ? s u p p e r f o s s i l zone ( 1 9 5 3 , P« 3) s h o u l d be e n l a r g e d t o i n c l u d e t h e 
u p p e r 4 0 f e e t of t h e J o r d a n Narrows u n i t * 
I n f o l l o w i n g ' Y e n ( 1 9 4 7 , P° 272) who a s s i g n e d a P l i o c e n e age t o t h e e x ­
p o s u r e of t h e S a l t Lake g roup n e a r Logan, U tah , Edmis ten s u g g e s t s t h a t t h e 
J o r d a n Narrows s e c t i o n of t h e S a l t Lake g r o u p i s a p p r o x i m a t e l y t h e same age 
b u t d e e s n o t a n a l y z e t h e f o s s i l e v i d e n c e f o r h i s c o r r e l a t i o n . 
A l t h o u g h a r e s p e c t a b l e number of s p e c i e s from t h e J o r d a n Narrows u n i t 
have b e e n i d e n t i f i e d , t h e r e i s l i t t l e e v i d e n c e on hand f o r even an a p ­
p r o x i m a t e a g e d e t e r m i n a t i o n w i t h i n t h e T e r t i a r y . 
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Hud r o c k f l ows 
I n o r n e a r t h e J o r d a n Narrows t h e r e e x i s t s e v e r a l e x c e l l e n t e x p o s u r e s 
of a n c i e n t mud r o c k f l o w s . One may be s e e n two m i l e s s o u t h of Camp W i l l i a m s 
i n a r o a d c u t a l o n g Highway 6 8 . A s econd i s l o c a t e d i n Beef Hol low a b o u t 
l / 4 of a m i l e w e s t of t h e same h ighway where i t c r o s s e s Beef Hol low, a n d a 
t h i r d a l o n g t h e Utah Copper Cana l 1 1 /2 mi3.es n o r t h of t h e dam i n t h e J o r d a n 
N a r r o w s . These a r e n o t o f t h e same age n o r a r e t h e y e x a c t l y s i m i l a r i n n a t u r e 
and i t seems d e s i r a b l e t o d i s c u s s them b r i e f l y . They a r e l a b e l e d on t h e map 
( P l a t e XVII) and r e f e r r e d t o i n t h e t e x t as A r f - 1 , M r f - 2 , and k r f - 3 . 
M r f - 1 c a n b e s e e n i n a r o a d c u t a l o n g S t a t e Highway 6 8 , two m i l e s s o u t h 
of Camp W i l l i a m s where i t s l i c e s t h r o u g h a low h i l l composed of t h e J o r d a n 
Narrows u n i t , ( P l a t e V , f i g u r e s A and 3 ) . 
Prom s i x t o t e n f e e t of h a r d m a r l s t o n e s l i e a t t h e b a s e of t h e c u t 
and a r e o v e r l a i n b y a mud r o c k f low of v e r y i r r e g u l a r t h i c k n e s s . I t i s com­
p o s e d a l m o s t e n t i r e l y o f v o l c a n i c d e t r i t u s r a n g i n g from f i n e s a n d s t o b o u l d e r s 
s e v e r a l f e e t i n d i a m e t e r . The m a t r i x i s l i g h t c o l o r e d , p r e d o m i n a n t l y CaCO^, 
and a p p a r e n t l y d e r i v e d from t h e u n d e r l y i n g m a r l s t o n e s . Assuming t h e l a k e 
b o t t o m a t t h e t i m e of o r i g i n of t h e f low was c o v e r e d b y s o f t l i m y muds , i t i s 
n o t d i f f i c u l t t o e n v i s a g e a. p l o w i n g , c h u r n i n g mass o f v o l c a n i c d e t r i t u s which 
moved o u t o v e r t h e f l o o r and i n c o r p o r a t e d l a r g e q u a n t i t i e s o f t h e s e muds u n t i l 
i t came t o a f i n a l r e s t . S u b s e q u e n t i n d u r a t i o n y i e l d e d a v e r y w e l l - c o n s o l i d a t e d 
b o d y r e s t i n g on e q u a l l y h a r d e n e d m a r l s . Normal d e p o s i t i o n t h e n r e sumed , a s 
e v i d e n c e d b y a two t o f o u r f o o t l a y e r o f e v e n - b e d d e d m a r l s t o n e o v e r l y i n g t h e 
mud r o c k f l o w . T h i s n e c e s s i t a t e s p l a c i n g t h e f l o w w i t h i n t h e J o r d a n Narrows 
u n i t . 
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PLATE 
View of mud r o c k f low ( M r f - l ) a l o n g Highway 68 s o u t h o f 
Camp W i l l i a m s , White, b l o c k y m a r l s t o n e s o v e r l a i n by t h e 
f l o w , b o t h b e l o n g t o J o r d a n Narrows u n i t . 
D e t a i l e d v i e w of e x p o s u r e shown i n F i g u r e A, Note t h e 
i r r e g u l a r c o n t a c t be tween t h e f low and u n d e r l y i n g m a r l ­
s t o n e s . 
• AT  V 
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M r f - 2 . S t a t e Highway 68 c r o s s e s Beef Hollow a t t h e n o r t h e r n edge 
o f Camp W i l l i a m s . A second mud r o c k f low may be o b s e r v e d a b o u t 1 /4 o f a 
m i l e w e s t o f t h e h ighway ( P l a t e V I , f i g u r e s A and B ) . 
Again t h e c o m p o s i t i o n of t h e f l ow i s a l m o s t 100 p e r c e n t v o l c a n i c s a n d s , 
g r a v e l s , and b o u l d e r s . The m a t r i x i s c a l c a r e o u s s i l t which s e r v e s a s a weak 
cement f o r t h e c o a r s e r m a t e r i a l s . I n t h i s r e s p e c t i t d i f f e r s m a r k e d l y from 
M r f ~ l , I t s r e l a t i o n t o t h e J o r d a n Harrows u n i t i s a l s o d i f f e r e n t i n t h a t i t 
i s f a u l t e d u p a g a i n s t t h e m a r l s t o n e s and s e p a r a t e d from them b y a r e d d i s h -
brown, s t i c k y , f a u l t - g o u g e c l a y . Hence, I t i s o l d e r t h a n t h e b e d s o f t h e 
J o r d a n Narrows u n i t a g a i n s t which i t h a s b e e n f a u l t e d and may b e an e a r l y 
i n c i d e n t i n t h e v o l c a n i c a c t i v i t y o f t h e a r e a . Q u a t e r n a r y c u t - a n d - f i l l 
a c t i v i t y h a s d e p o s i t e d s t r e a m s a n d s and g r a v e l s u n c o n f o r m a b l y o v e r and a g a i n s t 
t h e s e much o l d e r u n i t s . A s econd f a u l t i s b e l i e v e d t o s e p a r a t e t h e P a l e o z o i c 
r o c k s , wh ich c r o p o u t t o t h e w e s t , ( P l a t e XVII) f rom t h i s f low and t h e J o r d a n 
Narrows u n i t , 
Mrf-3« The Utah Copper D i s t r i b u t i n g Cana l f lows n o r t h w a r d from t h e 
J o r d a n Narrows a l o n g t h e w e s t s i d e of J o r d a n V a l l e y . The c a n a l banks o f f e r 
good e x p o s u r e s o f b o t h Q u a t e r n a r y and T e r t i a r y s e d i m e n t s . One and one h a l f 
m i l e s from t h e dsm i n t h e N a r r o w s , a l o n g t h i s c a n a l , a t h i r d mud r o c k f l ow 
was s t u d i e d ( P l a t e V I I ) . 
From y o u n g e s t t o o l d e s t t h e o b s e r v e d u n i t s a r e a s f o l l o w s ; 
1 . A v e n e e r of Recen t s t r e a m g r a v e l s a n d s o i l a few 
f e e t t h i c k , 
2 . B l o c k y c l a y s 20 t o 25 f e e t t h i c k t h a t a r e p r o b a b l y 
P rovo i n a g e ( L o f g r e n , 1 9 4 7 , p p . 1 7 - 1 8 ) . 
3 . Red s i l t s and c a l c a r e o u s m u d s t o n e s b e l o n g i n g t o 
t h e Camp W i l l i a m s u n i t b u t c o v e r e d t o o much by 
s lump and wash t o d e t e r m i n e t h e t h i c k n e s s . 
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PLATE VI 
A. B. 
Views of t h e mud r o c k 
f l ow i n Beef Hollow 
( M r f - 2 ) . Look ing from 
r i g h t t o l e f t i n F i g u r e 
A. n o t e - w h i t e J o r d a n 
Narrows u n i t , (T jn ) f a u l t , 
mud r o c k f l o w , (Mr f -2 ) 
and Recent s t r e a m g r a v e l s 
( Q a l ) u n c o n f o r m a b l y a g a i n s t 
edge of t h e f l o w . 
. 
-
PLATE VI 
ie s of t   r  
no  i  e f oll  
(Hrf-2) . i  fr
right t  l tt   
. n t e - \.tli   
Narrov/s tmit, ( j ) f
mud rock n w, ( rf  
and Recent str   ( al) lmconf r m l  i t 
edge f t   
PLATE V I I 
A, View of mud r o c k f l ow 1 1 /2 m i l e s n o r t h of t h e J o r d a n 
Narrows (Mrf-3)« Flow composed o f v o l c a n i c d e t r i t u s . 
Bo C o n t i n u a t i o n of t he v i e w i n F i g u r e A, t h i s p i c t u r e a d ­
j o i n s t h e above s e q u e n c e on t h e r i g h t . Note f a u l t which 
p l a c e s t h e Camp Wi l l i ams u n i t a g a i n s t t h e mud r o c k f l o w . 
.   
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4o Mud r o c k f low, g r a y c o l o r , p r e d o m i n a n t l y v o l c a n i c 
d e t r i t u s w i t h b o u l d e r s t o 8 f e e t a c r o s s . P o o r l y 
cemented w i t h s m a l l amounts of Cs.C0o. Rough a l i g n m e n t 
of t h e l a v a b l o c k s p r o d u c e s a b e d d i n g t h a t seems 
t o t e r m i n a t e a g a i n s t a more t y p i c a l mud r o c k f l ow 
mass showing no s i g n s of s o r t i n g or s t r a t i f i c a t i o n . 
T h i c k n e s s o f 20 f e e t or b e t t e r . c a n b e m e a s u r e d b u t 
b a s e o f f low i s n o t e x p o s e d . 
The n o r t h end o f t h e e n t i r e s e q u e n c e i s s h a r p l y i n t e r r u p t e d b y a f a u l t 
which d r o p p e d t h e Camp W i l l i a m s u n i t down a g a i n s t t h e mud r o c k f l o w . 
S e v e r a l i n t e r p r e t a t i o n s can b e made c o n c e r n i n g t h e e x a c t age of t h i s 
f l o w . S i n c e i t s ea nr. t o u n d e r l i e t h e Camp W i l l i a m s u n i t i t m i g h t r e p r e s e n t 
t h e b a s a l p a r t of t h i s d e p o s i t . Another i n t e r p r e t a t i o n i s t h a t i t i s an 
e a r l y p a r t o f t h e J o r d a n Narrows u n i t . Th i s v iew a c q u i r e s , some s u p p o r t from 
t h e o b s e r v a t i o n t h a t t h e K r f - 3 f low c l o s e l y r e s e m b l e s t h e Mrf -2 f low I n 
Beef Hol low, which seems t o have o c e u r e d e a r l y i n t h e h i s t o r y o f v o l c a n i s m 
and t h e d e p o s i t i o n of t h e J o r d a n Narrows s e d i m e n t s . 
The c o n t a c t be tween t h e f low and t h e Camp Wi l l i ams u n i t i s n o t c l e a r l y 
d i s c e r n a b l e . I f i t were , t h e age m i g h t be b e t t e r d e t e r m i n e d . 
F a r t h e r n o r t h a l o n g t h e same c a n a l , a d e p o s i t o v e r l y i n g t h e Camp 
W i l l i a m s u n i t e x h i b i t s d e f i n i t e mud r o c k f low s t r u c t u r e , and t h e v o l c a n i c 
r o c k s a r e abundan t b u t t h e r e i s a n o t i c e a b l e i n c r e a s e i n q u a r t s i t e b o u l d e r s . 
I t I s w e l l - c e m e n t e d w i t h CaC0 o and g r a d e s upward i n t o t h e H a r k e r s f a n g l o m e r a t e . 
Thus i t c a n be s a i d t h a t mud r o c k f l ows were formed t h r o u g h o u t t h e 
l a t e T e r t i a r y ( O l i g o c e n e - P l i o c e n e ) . T h e i r s o u r c e was t h e v o l c a n i c t e r r a i n of 
t h e T r a v e r s e Mounta ins and I t seems t o t h e w r i t e r t h a t t h i s t y p e of d e p o s i t 
would b e e x p e c t e d a l o n g t h e f l a n k s o f a m o u n t a i n mass c o v e r e d b y v o l c a n i c 
f l ows and s u b j e c t e d t o e r o s i o n . Twenhofe l ( 1 9 5 0 , p p . 266 -268) p o i n t s o u t 
t h a t " v o l c a n i c ash, i s l i k e l y t o p r o d u c e mud f lows I f - r a t e r accompan ie s t h e 
f a l l s o r l a t e r w e t s the : : : . 1 1 He a l s o makes a n o t h e r p o i n t t h a t f i t s i n w i t h 
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t h e w r i t e r s c o n c e p t of t h e c l i m a t e a t t h a t t i m e , "Not a g r e a t d e a l of 
w a t e r seems n e c e s s a r y t o c a u s e mud t o f l o w , and mudflows a r e m o r s p r e v a l e n t 
i n s e m i a r i d r e g i o n s , o r r e g i o n s t h a t f o r a n y r e a s o n a r e w i t h o u t c o v e r o f 
p l a n t p r o t e c t i o n , t h a n e l s e w h e r e , " 
A d e t a i l e d s t u d y of t h e i g n e o u s r o c k 3 was n o t made i n view of t h e f a c t 
t h a t G i l l u l y (1932) and M a r s e l l (1932.) have t h o r o u g h d e s c r i p t i o n s o f t h e 
v a r i o u s t y p o s p r e s e n t b o t h i n t h e O q u i r r h and T r a v e r s e M o u n t a i n s . 
The commonest r o c k t y p e s a r e r e d d i s h t o p u r p l e a n d e p i t e a an4 a n d e s i t e 
b r e c c i a s , a u g i t e and b i o t i t e - h o r n b l e n d e l a t i t e s and l a t i t s f i o w s , and l e s s e r 
amounts of r h y o l i t e and b a s a l t , G i l l u l y (1932 , P» 57) g i v e s t h e f o l l o w i n g 
d e s c r i p t i o n . 
The commonest r o c k v a r i e t y , , . i s a m e d i u m - g r a i n e d 
p o r p h y r y i n . wh ich c r y s t a l s o f p l a g i o c l a o e , b i o t i t e , 
and p y r o x e n e , r a r e l y e x c e e d i n g 1 mm i n l e n g t h a r e t h e 
o n l y m e g a s c o p i c a l l y r e c o g n i z a b l e p h e n o c r y s t s , , » 
I n t h i n s e c t i o n p h e n o c r y s t s o f a n d e s i n e (Ab^QAn^q), 
a u g i t e , and b i o t i t e a r e s e e n t o o c c u r i n a g r a n i t i c 
gronndmass o f o r t h o c l a s e , q u a r t e , and p l a g i o c l a s e . 
H o s t abundan t l a v a i n F a i r f i e l d Q u a d r a n g l e I s b i o t i t e -
h o r n b l e n d e l a . t l . t e . I n t h i n s e c t i o n p l a g i o c l a s e i s ' s e e n 
o r a l i s h o r n b l e n d e o f b a s a l t i c v a r i e t y . Most commonly 
t h e groixidmass i s h y a l o p i l i t i c , 
M a r s e l l ( 1 9 3 2 , p . 63) r e p o r t s s i m i l a r l y from t h e T r a v e r s e M o u n t a i n s , 
I n t h i n s e c t i o n t h e a n d e s i t e i s c o a r s e l y p o r p h y r i t i c * 
The c h i e f m i n e r a l i s o l i g o c l a s e w i t h a c o m p o s i t i o n o f 
Ab^Anj^g* The f e l d s p a r shows p r o m i n e n t z o n a l growth* 
B i o t i t e i s t h e c h i e f femic m i n e r a l accompan ied b y 
s m a l l e r amounts of h o r n b l e n d e and a u g i t e . A l l o f t h e 
m i n e r a l s have b e a n c o n s i d e r a b l y a l t e r e d t h e f e r r o -
m a g n e s i a n i n p a r t i c u l a r . The groundmass i s l a r g e l y com­
p o s e d of g r a y g l a s s f i l l e d w i t h abundan t l a t h s o f f e l t y 
m i c r o l i t e s of f e l d s p a r . 
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The s o u r c e o f t h e s e e x t r u s i v e r o c k s i s b e l i e v e d t o b e t h e e r u p t i v e 
c e n t e r s d e s i g n a t e d as S t ep Mounta in and South Mounta in i n t h e w e s t e r n p o r t i o n 
of t h e T r a v e r s e M o u n t a i n s , n e a r t h e i r j u n c t i o n w i t h t h e O q u i r r h M o u n t a i n s . 
See P l a t e XVTI. 
T h e i r e x a c t age i s unknown b u t G i l l u l y ( 1 9 3 2 P p p . 4 0 , 6 5 - 6 6 , 8 4 - 8 5 ) 
b y compar ing them w i t h s i m i l a r d e p o s i t s i n a d j a c e n t a r e a s , b e l i e v e s t h a t 
t h e y s h o u l d b e d a t e d a s l a t e Eocene and O l i g o c e n e . The v o l c a n i c a c t i v i t y 
must have b e e n p r o l o n g e d , f o r i t seems c e r t a i n t h a t t h e e n t i r e T r a v e r s e 
Moun ta in s and p o r t i o n s of t h e Wasatch and O q u i r r h M o u n t a i n s were b u r i e d 
b y t h e e x t r u s i v e s . The o u t s i d e age l i m i t s of t h e v o l c a n i c s a r e l a t e s t 
Eocene and l a t e Miocene j u d g i n g from t h e p resumed age of t h e J o r d a n Narrows 
u n i t w i t h wh ich t h e v o l c a n i c s a r e a p p r o x i m a t e l y e q u i v a l e n t . The v o l c a n i c 
a c t i v i t y c o u l d h a v e spanned t h i s e n t i r e i n t e r v a l . 
The w r i t e r a t t e m p t e d t o c o r r e l a t e t h e v o l c a n i c g l a s s f rom v a r i o u s a r e a s 
i n t h e b a s i n by moans of i n d i c e s of r e f r a c t i o n . Samples from t h e J o r d a n 
Nar rows , T r a v e r s e M o u n t a i n s , O q u i r r h M o u n t a i n s and Bacchus P i t a l l had 
i n d i c e s of 1»505» A c c o r d i n g t o Grout ( 1 9 3 2 , p . 114 ) t h i s would i n d i c a t e a 
v e r y a c i d c o m p o s i t i o n , w i t h 70 -72 p e r c e n t s i l i c a . Thus i t a p p e a r s t h a t t h e 
e x p l o s i v e e r u p t i v e s were more a c i d i c t h a n t h e l a v a e r u p t i v e s . The s i m i l a r i t y 
o f t h e i n d i c e s a l s o migh t b e u s e d a s e v i d e n c e t o s u p p o r t t h e t h e o r y o f a 
common s o u r c e f o r t h e g l a s s t h o u g h n o t c o n t e m p o r a n e i t y . 
The i g n e o u s r o c k s s t i l l b u r y a g r e a t p o r t i o n of t h e T r a v e r s e M o u n t a i n s 
( P l a t e XVII) and c o n s t i t u t e much of t h e f o o t h i l l b e l t a l o n g t h e e a s t f l a n k 
of t h e O q u i r r h M o u n t a i n s . 
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S t r u c t u r e 
i a u l t s 
S e v e r a l f a u l t s -d i sp l ace and t i l t t h e b e d s o f t h e S a l t Lake g r o u p c o n ­
s p i c u o u s l y . , 
The re I s e x c e l l e n t t o p o g r a p h i c e v i d e n c e f o r a m a j o r n o r t h e a s t - s o u t h w e s t 
f a u l t a l o n g t h e n o r t h s i d e of t h e E a s t T r a v e r s e M o u n t a i n s . Th i s same f a u l t 
a p p e a r s t o c o n t i n u e a c r o s s t h e J o r d a n V a l l e y b u t s p l i t s i n t o a t l e a s t t h r e e 
l a r g e b r a n c h e s and many m i n o r f a u l t s a s i t i n t e r s e c t s t h e J o r d a n Nar rows . 
See J o r d a n Narrows e n l a r g e m e n t on P l a t e XVII . A second major f a u l t s t r i k i n g 
a l m o s t due n o r t h - s o u t h l i e s t o t h e wes t of t h e J o r d a n Narrows a l o n g t h e edge 
o f t h e w a t e r g a p . The p roof f o r t h e e x i s t e n c e of t h i s f a u l t i s m a n i f e s t 
i n t h e a p p a r e n t s h a r p c o n t a c t be tween t h e P a l e o z o i c r o c k s and t h e J o r d a n 
Narrows u n i t and i n t h e u p t u r n e d n a t u r e o f t h e m a r l s t o n e s i n Beef Hollow 
n e a r t h e c o n t a c t . A l luv ium and s l o p e wash , however , p r e v e n t a n y d i r e c t 
o b s e r v a t i o n o f t h e a c t u a l c o n t a c t a 
W i t h i n t h e J o r d a n Harrows t h e m a j o r f a u l t and b r a n c h f a u l t s d i s p l a c e 
a l l t h e b e d s o f t h e S a l t Lake g roup w i t h t h e e x c e p t i o n o f t h e T r a v e r t i n e u n i t . 
The n o r t h e r n mos t b r a n c h f a u l t i s marked b y t h e Camp l€LlHams u n i t down-
f a u l t e d on t h e n o r t h a g a i n s t t h e J o r d a n Harrows u n i t on t h e s o u t h . The d i s ­
p l a c e m e n t I s a p p r o x i m a t e l y v e r t i c a l and o f s m a l l m a g n i t u d e . Along t h e m a j o r 
n o r t h - s o u t h f a u l t t o t h e west of t h e n a r r o w s t h e J o r d a n Harrows u n i t i s 
f a u l t e d down a g a i n s t t h e P a l e o z o i c r o c k s . 
The f a u l t i n g i n t h e J o r d a n Narrows h a s p r o d u c e d a f a u l t m o s a i c p a t t e r n , 
and i t seems p o s s i b l e t h a t t h e small, b l o c k s were r o t a t e d i n t h e p r o c e s s 
of t h i s f a u l t i n g . 
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The e x a c t age of t h e f a u l t i n g i s somewhat d i f f i c u l t t o d e t e r m i n e « 
O b v i o u s l y i t o c c u r r e d a f t e r d e p o s i t i o n of t h e H a r k e r s f a n g l o m e r a t e and 
l i k e w i s e mus t h a v e o r i g i n a t e d much e a r l i e r s i n c e t h e t i l t e d s t r a t a o f t h e 
Gamp W i l l i a m s and J o r d a n Harrows u n i t s h a v e an a n g u l a r d i s c o r d a n c e w i t h 
one a n o t h e r a s w e l l a s w i t h t h e H a r k e r s f a n g l o m e r a t e , , The P l e i s t o c e n e beds 
however , a r e u n d i s t u r b e d b y t h e f a u l t i n g . Thus t h e b e s t e s t i m a t e o f t h e 
age would be p o s t - m i d d l e O l igocene t o p r e - P l e i s t o c e n e . 
M a r s e l l ( 1 9 3 2 , p p . 8 5 - 8 9 ) had t h i s t o s a y about t h e s t r u c t u r e o f t h e 
T r a v e r s e Moun ta in s and I t s r e l a t i o n t o t h e f a u l t i n g r e c o r d e d i n t h e S a l t 
Lake g r o u p . 
The p r e s e n t r e l i e f o f t h e m o u n t a i n mass and i t s e x ­
t e r n a l form a r e a d i r e c t e x p r e s s i o n o f t h e e a r l i e r 
(La ramide ) f o l d i n g and n o t o f t h e younger f a u l t i n g . 
These f a u l t s , which t o d a y have n o t o p o g r a p h i c e x ­
p r e s s i o n . . . c r o s s t h e r a n g e from s o u t h e a s t t o n o r t h ­
w e s t p a r a l l e l i n g I n g e n e r a l t h e a x i s of t h e f o l d s i n 
t h e O q u i r r h M o u n t a i n s . T h e i r e x i s t e n c e I s r e v e a l e d 
by d i s l o c a t e d s t r a t a o r a r e s i s t a n t f a u l t - b r e c c i a . 
FoOds 
I n t h e mapping done by t h e w r i t e r , o n l y one p o s s i b l e f o l d was d i s ­
c o v e r e d . T h i s I s l o c a t e d t o t h e n o r t h of t h e J o r d a n Marrows a n d I s b a s e d 
on t h e change i n d i p o f t h e Gamp Wi l l i ams u n i t from a p p r o x i m a t e l y 1 0 ° 
s o u t h t o 1 5 ° n o r t h . I n a d i s t a n c e o f 1 /2 a m i l e . 
R e g i o n a l 'dips e v i d e n t l y n o t a s s o c i a t e d w i t h f a u l t i n g and of a more 
e x t e n s i v e o c c u r r e n c e seem t o demand a t l e a s t g e n t l e f o l d i n g . 
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GEOLOGY OF THE OQUIRRH FOOTHILLS 
Geography 
A b e l t o f f o o t h i l l s 3 m i l e s wide e x t e n d s a l o n g t h e e a s t f l a n k o f 
t h e O q u i r r h Moun ta in s f o r abou t 12 m i l e s « The b e l t ends a b r u p t l y n o r t h 
of Goons Canyon where a l l u v i u m r e s t s d i r e c t l y on t h e P a l e o z o i c r o c k s * 
The b e l t c a n b e t r a c e d s o u t h w a r d t o t h e j u n c t i o n o f t h e O q u i r r h and T r a ­
v e r s e Mounta inso At an e l e v a t i o n of a p p r o x i m a t e l y 6100 f e e t t h e r e i s a 
s h a r p b r e a k i n t h e s l o p e where t h e g e n t l e s u r f a c e s of t h e f o o t h i l l s a b u t 
a g a i n s t t h e more s t e e p l y i n c l i n e d r i d g e s o f t h e m o u n t a i n mass* The e a s t e r n 
edge i s r a t h e r w e l l d e f i n e d by t h e Lake B o n n e v i l l e s h o r e l i n e a t an e l e ­
v a t i o n of 5180 f e e t o 
from t h e a i r t h e f o o t h i l l s a p p e a r a s an I n c i s e d ped iment« ( S e e 
P l a t e V I I I , f i g u r e s A-D)» Dry fa rm f i e l d s o v e r most of t h e a r e a a c c e n t u a t e 
t h e f l a t - t o p p e d r i d g e s which a r e bounded by s h a r p V-shaped v a l l e y s 
( P l a t e X)o These l a t t e r , f o r t h e mos t p a r t , c o n t a i n o n l y i n t e r m i t t e n t 
s t r e a m s « 
An abandoned r a i l r o a d bed p l u s m i n i n g and farm r o a d s a f f o r d r a t h e r 
e a s y a c c e s s „ The many r a i l r o a d c u t s a r e i n v a l u a b l e I n e s t a b l i s h i n g s t r a t i ­
g r a p h i c r e l a t i o n s h i p s
 0 
Mapping 
The l i m i t e d o u t c r o p s made mapping d i f f i c u l t , , S l o p e w a s h , pediment-
g r a v e l s , v e g e t a t i o n , and r e c e n t a l l u v i a l d e p o s i t s e f f e c t i v e l y mask t h e 
b e d r o c k i n t h e f o o t h i l l b e l t . As a r e s u l t , many of t h e c o n t a c t s a r e 
u n c e r t a i n s i n c e t h e y were drawn w i t h o u t r e g a r d t o t h e s u r f a c e c o v e r 
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rt i    r  TI it t r    f ce  
w h e r e i t seemed t h i n . No a t t e m p t was made t o d e l i n e a t e o r d i s t i n g u i s h 
t h e t y p e s of v o l c a n i c r o c k s 0 
D e s c r i p t i o n of t h e Ped imen t 
The d i s s e c t e d p e d i m e n t which forms t h e O q u i r r h F o o t h i l l s h a s a 
g e n t l y s l o p i n g s u r f a c e t h a t i s i n c l i n e d a b o u t 3 ° t o t h e e a s t . T h i s c a n 
b e s t be s e e n on t h e r i d g e s which f l a n k H a r k e r s Canyon . Here i t i s 
p o s s i b l e t o t r a c e c o n t i n u o u s l y t h e o l d e s t s u r f a c e on an e a s t - w e s t l i n e 
from an e l e v a t i o n of 6100 f e e t down t o t h e B o n n e v i l l e s h o r e l i n e a t 5180 
f e e t o 
The p e d i m e n t g r a v e l r a n g e s i n t h i c k n e s s from a t h i n s c a t t e r i n g of a 
few c o b b l e s t o a c o v e r s e v e r a l f e e t t h i c k . I t i s composed of sub rounded 
q u a r t z i t e and l i m e s t o n e f r a g m e n t s w i t h s m a l l e r amounts of v o l c a n i c d e t r i t u s . 
A s i n g u l a r f e a t u r e i n t h e f o o t h i l l s a r e t h e l a r g e r r e s i d u a l b o u l d e r s 4 
t o 6 f e e t a c r o s s , t h a t were p r o b a b l y l e f t b e h i n d d u r i n g t h e p e d i m e n t a t i o n 
o r by l a t e r e r o s i o n . Many a r e b l a c k e n e d w i t h d e s e r t v a r n i s h and s o b a d l y 
w e a t h e r e d t h a t t h e y d i s i n t e g r a t e when s t r u c k w i t h a hammer. 
The r o c k s u n d e r l y i n g t h e ped imen t v e n e e r b e l o n g t o t h e S a l t Lake 
g r o u p e x c e p t whe re headward e r o s i o n e x t e n d e d t h e s u r f a c e a few hundred 
y a r d s i n t o t h e P a l e o z o i c d e p o s i t s . The T r a v e r s e v o l c a n i c s and H a r k e r s 
f a n g l o m e r a t e u n d e r l y t h e b u l k of t h e p e d i m e n t . I t seems p r o b a b l e t h a t 
t h e p e d i m e n t was s c u l p t u r e d on a s e r i e s of c o a l e s c i n g a l l u v i a l f a n s 
( H a r k e r s f a n g l o m e r a t e ) b u t , no t r a c e of t h e forms of t h e o l d f a n s c a n 
be s e e n t o d a y . I f t h e H a r k e r s f a n g l o m e r a t e i s d a t e d as l a t e P l i o c e n e ( ? ) 
t h e p e d i m e n t a t i o n would f a l l i n t h e l a t e s t P l i o c e n e o r e a r l y P l e i s t o c e n e . 
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PLATE V I I I 
A. Looking s o u t h w e s t a t n o r t h B.' Looking n o r t h w e s t a t p e d i -
edge of p e d i m e n t . Goons m e n t . Note f l a t t o p p e d r i d g e s 
Canyon a t ex t reme r i g h t and d i f f e r e n t s u r f a c e l e v e l s , 
and H a r k e r s Canyon j u s t 
l e f t of c e n t e r . 
C. About same v iew a s F i g u r e D. View a l o n g e a s t e r n edge of 
B b u t a l i t t l e f u r t h e r ped imen t showing l o w r o u n d e d 
s o u t h and l o o k i n g a l m o s t h i l l s which a r e r e m n a n t s of t h e 
due w e s t . H i g h e s t s u r - ped imen t a n d were i s l a n d s i n 
f a c e can b e s e e n t o w a r d Lake B o n n e v i l l e , 
u p p e r r i g h t c o r n e r o f 
p i c t u r e . Two l o n g r i d g e s 
t h e r e f l a n k H a r k e r s Canyon 
Views Along E a s t F l a n k of O q u i r r h M o u n t a i n s 
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D i s s e c t i o n o f t h i s l a t e P l i o c e n e ped imen t was a P l e i s t o c e n e e v e n t 
and e v i d e n t l y n o t a c o n t i n u o u s p r o c e s s 0 At l e a s t one and p e r h a p s two 
l o w e r and y o u n g e r p e d i m e n t s u r f a c e s can b e s e e n on a e r i a l p h o t o g r a p h s 
( P l a t e V I I I 9 f i g u r e s B and- C) and on p r o f i l e s from t h e t o p o g r a p h i c s h e e t s 
( P l a t e JX9 f i g u r e s A and B ) c The p r o f i l e s i l l u s t r a t e p a r t i c u l a r l y w e l l 
t h e v a r i o u s s u r f a c e s 0 They a r e numbered , from h i g h e s t and o l d e s t t o 
l o w e s t and y o u n g e s t , 1 9 29 and 3 , and b r i e f l y d i s c u s s e d b e l o w e 
# l o Pediment number 1 i s v e r y d i s t i n c t ( P l a t e V I I I , 
f i g u r e 3 ) b u t i s r e p r e s e n t e d by o n l y two o r t h r e e 
p r o m i n e n t r i d g e s 0 The b e s t examples a r e t h o s e 
f l a n k i n g H a r k e r s Canyon 0 On a n o r t h - s o u t h l i n e 
p a r a l l e l i n g t h e O q u i r r h Mounta ins and a p p r o x i m a t e l y 
1 /2 m i l e e a s t , t h e s u r f a c e o f t h e p e d i m e n t h a s 
an a v e r a g e e l e v a t i o n o f 5900 fee t© 
j>-2<> Ped iment number 2 i s f a r more e x t e n s i v e and a v e r a g e s 
5700 f e e t a l o n g t h e n o r t h - s o u t h l i n e d e s c r i b e d 
a b o v e 0 I t s s u r f a c e i s t h e one so h e a v i l y c u l t i v a t e d 
f o r d r y f a r m i n g • 
#3o The t h i r d p e d i m e n t i s more d i f f i c u l t t o d e f i n e . 
The w r i t e r f e e l s t h a t i n p a r t i t i s r e p r e s e n t e d 
by b r o a d s t r e a m t e r r a c e s i n Ba rneys Canyon and 
Ba rneys M&sh and would t e n t a t i v e l y p l a c e i t a t 
a b o u t 5400 f e e t * The a d j u s t m e n t of t h e s t r e a m s 
t o a b a s e l e v e l c o n t r o l l e d by Lake B o n n e v i l l e 
seems a p o s s i b l e e x p l a n a t i o n f o r t h e d e v e l o p m e n t 
of t h i s t h i r d ped imen t„ 
The most s i g n i f i c a n t s t r u c t u r a l f e a t u r e of t h e O q u i r r h F o o t h i l l s i s a 
m a j o r n o r t h - s o u t h n o r m a l f a u l t a l o n g t h e b a s e of t h e O q u i r r h M o u n t a i n s • 
E x a m i n a t i o n of t h e c r o s s s e c t i o n s a l o n g B-B and C-C on P l a t e XVII w i l l 
show t h e T e r t i a r y s t r a t a down f a u l t e d on t h e e a s t . I n p a r t t h e f a u l t I s 
b u r i e d by t h e H a r k e r s f a n g l o m e r a t e b u t e l s e w h e r e s e r v e s a s a c o n t a c t b e ­
tween t h e P a l e o z o i c r o c k s and f a n g l o m e r a t e 0 The c r o s s s e c t i o n s a l s o 
show t h e o l d e s t p e d i m e n t , number 1 , t o have d e v e l o p e d headward a c r o s s 
t h e f a u l t and i n p l a c e s e x t e n d e d a few hundred y a r d s i n t o t h e P a l e o z o i c 
r o c k s * 
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N o r t h - s m t h p r o f i l e a c r o s s the O q u i r r h F o o t h i l l s * Drawn on a l i n e 3 / 4 m i l e e a s t of main m o u n t a i n 
masso i l l u s t r a t e s m u l t i p l e e r o s i o n s u r f a c e s i n p e d i m e n t . I t i s i m p o s s i b l e t o a d j u s t l i n e A-A 
t o l i e i n a p l a n e common t o a l l s u r f a c e s . 
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FIGURE B 
Harkers 
Canyon 
Same p r o f i l e a s i n F i g u r e A, b u t on a n o r t h w e s t - s o u t h e a s t l i n e . The numbers 1 and 2 r e p r e s e n t 
e r o s i o n s u r f a c e s 1 and 2 r e s p e c t i v e l y ( s e e page 4 ) . Line B-B l i e s i n t h e p l a n e o f t h e o l d e s t 
and h i g h e s t p e d i m e n t s u r f a c e . 
V e r t i c a l s c a l e : F e e t above s e a l e v e l 
V e r t i c a l e x a g g e r a t i o n : 2 . 4 
H o r i z o n t a l s c a l e s I s 2 4 , 0 0 0
 ( 
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Scale in miles 
PROFILES OF THE OQUIRRH FOOTHILLS 
Taken from t h e La rk and Magna t o p o g r a p h i c q u a d r a h g l e h s h e a ' 
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Thus t h e s e q u e n c e o f e v e n t s a s s o c i a t e d w i t h t h e ped iment may b e 
summarized a s f o l l o w s : ( i ) s i g n i f i c a n t b l o c k f a u l t i n g a l o n g t h e b a s e o f 
t h e O q u i r r h M o u n t a i n s I n e a r l y P l i o c e n e t i m e , s u b s e q u e n t r e j u v e n a t i o n of 
m o u n t a i n s t r e a m s , and d e p o s i t i o n of t h e H a r k e r s f a n g l o m e r a t e "as a l l u v i a l 
f a n s , ( 2 ) p e d i m e n t a t i o n of H a r k e r s f a n g l o m e r a t e and T r a v e r s e v o l c a n i c s 
c u l m i n a t i n g i n l a t e P l i o c e n e t i m e , (3 ) i n c i s i o n of ped imen t and d e v e l o p m e n t 
o f younger p e d i m e n t s d u r i n g t h e P l e i s t o c e n e . 
S t r a t i g r a p h y 
Major d i v i s i o n s ' „ 
The o l d e s t r o c k s and most p r o m i n e n t I n o u t c r o p a r e t h e v o l c a n i c s 
( P l a t e XT, f i g u r e s A and B ) . Due t o t h e i r g r e a t e r r e s i s t a n c e t o e r o s i o n , 
compared w i t h t h e T e r t i a r y s e d i m e n t a r y d e p o s i t s , t h e y s t a n d above t h e 
g e n e r a l p l a n e of t h e p e d l r e n t a s somewhat r o u n d e d , i r r e g u l a r h i l l s ( P l a t e X ) . 
The o l d e s t s e d i m e n t a r y r o c k s a r e t h e l a c u s t r i n e d e p o s i t s c o r r e l a t e d w i t h 
t h e J o r d a n Narrows u n i t . T h e i r e x p o s u r e s a r e q u i t e l i m i t e d . For t h e most 
p a r t t h e y a p p e a r i n t h e s t r e a m b o t t o m s or low on t h e f l a n k s of r i d g e s and 
h i l l s . The H a r k e r s f a n g l o m e r a t e o v e r l i e s t h e J o r d a n Narrows u n i t u n -
c o n f o r m a b l y and i s t h e ma in c o n s t i t u e n t of t h e f o o t h i l l s . I t c r o p s o u t 
o n l y i n a few p l a c e s b e c a u s e of i t s n o n - r e s i s t a n t n a t u r e . D e t a i l e d m e a s u r e d 
s e c t i o n s a r e l i m i t e d t o e x c a v a t i o n s s u c h as g r a v e l p i t s , r o a d embankments , 
and r a i l r o a d c u t s . 
Measured s e c t i o n s 
The Bacchus P i t i s an abandoned borrow p i t and l o c a t e d 3 / 4 of a m i l e 
n o r t h o f t h e Bacchus Powder P l a n t . A c h a n n e l s a m p l e was o b t a i n e d and t h e 
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O q u i r r h F o o t h i l l s ' l o o k i n g s o u t h w e s t a t Bingham Canyon and t h e 
town of C o p p e r t o n . Note t h e v e r y f l a t s u r f a c e s of t h e d i s s e c t e d 
ped iment w i t h r o u n d e d s p r a w l i n g h i l l i n r e a r s t a n d i n g above them. 
I t i s composed of v o l c a n i c r o c k s . Note a l s o t o w a r d t h e l o w e r 
c e n t r a l p a r t of p i c t u r e t h e s t r e a m t e r r a c e s t h a t a r e i n c i s e d b y 
modern s t r e a m s . 
1 
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PLATE XL 
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O q u i r r h F o o t h i l l s . View l o o k i n g w e s t . The p r o m i n e n t 
p i n n a c l e s a r e composed of t u f f a c e o u s a g g l o m e r a t e s . 
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m a t e r i a l examined i n t h e l a b o r a t o r y u n d e r t h e m i c r o s c o p e a t a l a t e r 
t i m e . I n t e r v a l s of c o l l e c t i o n s were 2 f e e t . 
F e e t 
Q u a t e r n a r y s i l t s , s a n d s and g r a v e l s 0 20 
^ u n c o n f o r m i t y =— 
J o r d a n h a r r o w s u n i t 
M a r l s t o n e , w h i t e , h a r d , c o n e h o I d a ! f r a c t u r e , 
i n t e r b e d d e d w i t h y e l l o w i s h slj.ght.l3r b e n t o n i t i c , 
s h a l y c l a y . M a r l s t o n e c o n t a i n s l o n g p r i s m s of 
c a l c i t e and l e s s e r amounts of g l a s s s h a r d s . 
S m a l l amounts of m i c a , q u a r t z , m a g n e t i t e and 
f e l d s p a r o c c u r a s f i n e s a n d . 10 
S a n d s t o n e , b rown, f i n e g r a i n e d , p o o r l y c o n s o l i d a t e d , 
h i g h l y l a m i n a t e d , t h e l a m i n a t i o n b e i n g c a u s e d by t h i n 
s h a l e l e n s e s . Sand composed of a n g u l a r q u a r t z and 
g l a s s s h a r d s , a g g r e g a t e s of m i c a , c a l c i t e , h o r n b l e n d e , 
and m a g n e t i t e w i t h CaCOo a s c e m e n t . G l a s s s h a r d s 
have an i n d e x o f r e f r a c t i o n of 1 . 5 0 5 . 4 
2 
M u d s t o n e , y e l l o w , c a l c a r e o u s , c o n e h o i d a l f r a c t u r e , 
and c o n t a i n s v e r y l i t t l e s a n d e 
S i l t s t o n e , g r a y t o y e l l o w , s a n d y , s h a l y , c o n t a i n s 
h a r d lumps o f c l a y t h a t a r e c h e r t y i n s p o t s . Sand 
p a r t i c l e s a r e composed of a g g r e g a t e s of q u a r t z , * 
m i c a , c a l c i t e , g l a s s s h a r d s , m a g n e t i t e , and s t a i n e d * 
by M n 0 2 . Cement i s CaCO^. ' 4 
M a r l s t o n e as b e f o r e b u t s h a l y s t r a t a a r e more 
p r e d o m i n a n t . C l a y I s b e n t o n i t i c . Some of t h e 
s t r a t a a r e h i g h l y l a m i n a t e d . 25 
Same b u t c o n t a i n s h i g h e r p e r c e n t a g e of c a l c i t e 
c r y s t a l s and shows a v u g y - l i k e s t r u c t u r e . Vugs 
a r e h e x a g o n a l and many a r e f i l l e d w i t h c a l c i t e . 3 
M a r l s t o n e , w h i t e , h a r d , w i t h c o n e h o l d a l f r a c t u r e , 
v e r y f i n e g r a i n e d e x c e p t f o r a l i t t l e c r y s t a l l i n e 
c a l c i t e and s m a l l amounts of m i c a , m a g n e t i t e , and 
q u a r t s . Manganese d e n d r i t e s a r e v e r y common. T h i s 
l i t h o l o g y a l t e r n a t e s w i t h g r a y t o y e l l o w s t r a t a much 
h i g h e r i n t h e c l a y m i n e r a l s ( ? ) and i s q u i t e f i s s i l e . 8 
T o t a l t h i c k n e s s 56 
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#2© A p p r o x i m a t e l y 3 m i l e s s o u t h of t h e Bacchus Powder P l a n t a 
v e r t i c a l c h a n n e l s e c t i o n was t a k e n i n a r a i l r o a d cut© Two f o o t i n t e r v a l s 
were c o l l e c t e d i n e a c h sample ( P l a t e X I I , f i g u r e A ) e 
F e e t 
H a r k e r s f a n g l o m e r a t e 
F a n g l o m e r a t e w i t h s o i l p r o f i l e d e v e l o p e d on i t c 
On f l a n k s o f t h e h i l l t h i s g r a d e s i n t o a t h i c k 
wedge of r e d d i s h brown s i l t s and c l a y s 0 No 
s a m p l e s taken© 0 - 1 0 
u n c o n f o r m i t y — 
J o r d a n Narrows u n i t 
M a r l s t o n e , w h i t e , h a r d , b l o c k y f r a c t u r e , p o r o u s 
n e a r t o p due t o w e a t h e r i n g ; a l t e r n a t e s w i t h c l a y 
t h a t i s y e l l o w , c a l c a r e o u s , and has s h a l y f r a c t u r e © 
O s t r a c o d e s common. S m a l l amounts o f q u a r t z , m i c a , 
f e l d s p a r s and a few g l a s s s h a r d s p r e s e n t © 1 7 
S a n d s t o n e , y e l l o w t o b r o w n , i m p u r e , p o o r l y c o n s o l i d a t e d , 
f i n e gra ined© Composed o f q u a r t z , m i c a , f e l d s p a r , 
m a g n e t i t e , c h l o r i t e , h o r n b l e n d e , and g l a s s s h a r d s many 
of wh ich a r e i n form of s m a l l g l a s s b u b b l e s
 0 I n d e x 
o f r e f r a c t i o n i s 1©505* f o r t h e g l a s s shard* 
to o 
T u f f , g r a y , g l i t t e r i n g , p o r o u s , c l o s e l y p a c k e d b u t 
o n l y l i g h t l y cemented w i t h CaGO^. Has a l i t t l e c l a y 
and s m a l l amounts of q u a r t z and m a g n e t i t e © O s t r a c o d e s 
p r e s e n t © 4 
Same b u t h a s t h i n l e n s e s of m a r l c o n t a i n i n g c r y s t a l l i n e 
c a l c i t e © 2 
M a r l s t o n e , g r a y t o w h i t e , a s above b u t d i s t i n c t i n 
t h a t i t forms a r e s i s t a n t ledge© 4 
Tuff , w h i t e , r h y o l i t i c , p o o r l y c o n s o l i d a t e d , q u i t e 
p u r e and h i g h l y l a m i n a t e d . 3 
Same,, b u t n o t a s pure© A l t e r n a t e s w i t h s h a l y 
w h i t e c l a y s t h a t a r e c a l c a r e o u s © S m a l l amounts 
of m i c a , m a g n e t i t e , and f e l d s p a r p r e s e n t . F e s ­
t o o n e d c r o s s b e d d i n g prominent© 5 
S i l t s t o n e , y e l l o w t o l i g h t t a n , f i n e l y l a m i n a t e d , 
p o o r l y c o n s o l i d a t e d , much c o n t o r t e d a s t h o u g h by 
c o n t e m p o r a n e o u s de fo rma t ion© C o n t a i n s a g g r e g a t e s 
of g l a s s s h a r d , m a g n e t i t e , m ica and c a l c i t e © 4 
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Same but has thin lenses of marl containing crystalline 
calcite o 
Marlstone, gray to white, as above but distinct in 
that it forms a resistant ledge o 
Tuff, white, rhyolitic j poor~ consolidated, quite 
pure and highly laminated G 
Same~ but not as puree Alternates with sha~ 
white clays that are calcareouso Small amounts 
of mica, magnetite, and feldspar presento Fes= 
tooned cross bedding prominent" 
Siltstone, yellow to light tan,9 finely laminated, 
poorly consolidated} much contorted as though by 
contemporaneous defor. ationo Contains aggregates 
of glass shard, magnetite, mica and calcite o 
o 1
2 
4 
2 
3 
5 
4 
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F e e t 
S h a l e , l i g h t t a n , h a r d , f i s s i l e , makes up r e ­
s i s t a n t l e d g e s o Composed of a g g r e g a t e s of s i l t -
s i z e d p a r t i c l e s o S m a l l amounts o f g l a s s s h a r d s 0 3 
Same b u t i n t e r b e d d e d w i t h w h i t e , m a s s i v e , m a r l s t o n e , 
i n wh ich g l a s s s h a r d s a r e more p l e n t i f u l 6 
T u f f , g r a y , w e l l l a m i n a t e d , v e r y l o o s e l y cemen ted w i t h 
CaCOoo I t s c o n s o l i d a t i o n seems t o be due t o i n t e r ­
l o c k i n g of g l a s s s h a r d s o Very p u r e w i t h 95 p e r c e n t 
g l a s s s h a r d s and t h e r e m a i n d e r composed o f m i c a , f e l d ­
s p a r , c h l o r i t e , m a g n e t i t e , h o r n b l e n d e , o b s i d i a n , and 
s m a l l f r a g m e n t s of mar lo Ca rbonaceous f r a g m e n t s 
p a r t i a l l y r e p l a c e d by what seems t o be i r o n c a r b o n a t e 
and s t a i n e d y e l l o w a s a r e s u l t , a r e q u i t e common0 22 
Moved w e s t a p p r o x i m a t e l y 150 y a r d s 
M a r l s t o n e s and s i l t - s t o n e s i n t e r b e d d e d a s h i g h e r 
i n t h e s e c t i o n Q Base n o t e x p o s e d . 10 
T o t a l t h i c k n e s s 90 
J o r d a n h a r r o w s u n i t 
A l t h o u g h I t I s i m p o s s i b l e t o t r a c e c o n t i n u o u s l y t h e . t y p i c a l w h i t e 
m a r l s t o n e s and l i m e s t o n e s from t h e J o r d a n Harrows o v e r t o t h e f o o t h i l l 
r e g i o n of t h e O q u i r r h M o u n t a i n s , t h e r e i s l i t t l e doub t t h a t t h e same u n i t 
i s r e p r e s e n t e d i n b o t h a r e a s . The l i t h o l o g i e s a r e q u i t e s i m i l a r b u t no 
one s t r a t u m c a n d e f i n i t e l y b e c o r r e l a t e d e x c e p t p o s s i b l y f o r t h e t u f f b e d . 
T h i s i s much t h i c k e r a l o n g t h e f l a n k s o f t h e m o u n t a i n mass t h a n i n t h e 
H a r r o w s . As p o i n t e d o u t e a r l i e r i n t h e t e x t ( page %6 ) , t h e i d e n t i c a l 
i n d i c e s of r e f r a c t i o n s u g g e s t t h e same s o u r c e f o r t h e t u f f s . 
From t h e map ( P l a t e XVII) i t c a n be s e e n t h a t t h e J o r d a n Narrows u n i t 
i n t h i s a r e a i s c o n f i n e d t o t h e l o w e r s l o p e s and r i d g e s o r t o t h e a c t u a l 
v a l l e y f l o o r . The o u t c r o p s a r e more numerous I n t h e v i c i n i t y o f C l a y 
Hol low and become s c a r c e t o t h e s o u t h , t h e r e b e i n g none s o u t h of C o p p e r t o n . 
F o r t h e mos t p a r t t h e s e s t r a t a a r e h o r i z o n t a l , w i t h t h e e x c e p t i o n o f t h e 
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Bacchus P i t a r e a , where t h e y d i p s t e e p l y , 3 1 ° , t o t h e n o r t h w e s t ( P l a t e 
X I I I , f i g u r e B ) . A m a j o r f a u l t h a s b e e n s u g g e s t e d t o p a s s j u s t s o u t h 
of t h e Bacchus P i t a l o n g t h e b a s e of an e a s t - w e s t s a l i e n t w h i c h p r o j e c t s 
3 t o 4 m i l e s o u t i n t o t h e J o r d a n V a l l e y ( P l a t e X I I , f i g u r e A)„ The a u t h o r 
s u g g e s t s f o r t h i s p r o j e c t i o n t h e name Bacchus S a l i e n t , , Warm w a t e r s p r i n g s 
i n t h e p i t and t h e s t e e p d i p s o f t h e s t r a t a s u g g e s t t h e p r e s e n c e o f b r a n c h 
f a u l t s from t h e m a j o r one m e n t i o n e d above„ 
H a r k e r s f a n g l o m e r a t e 
H a r k e r s C a n y o n " c u t s t h r o u g h t h e n o r t h e r n p o r t i o n of t h e f o o t h i l l s 
( P l a t e XVII) and i t i s w i t h i n t h i s canyon t h a t t h e H a r k e r s f a n g l o m e r a t e 
i s c o h e r e n t enough t o form l e d g e s a l o n g t h e v a l l e y w a l l s and f l o o r t h e 
b o t t o m o f t h e v a l l e y , Th r r a i l r o a d c u t s o f f e r t h e o n l y o t h e r e x p o s u r e s 
of any m a g n i t u d e ( P l a t e XIV, f i g u r e s A and B ) . However, a s c a n be s e e n 
by a n e x a m i n a t i o n of t h e map ( P l a t e X V I I ) , t h e H a r k e r s f a n g l o m e r a t e i s 
t h e dominan t r o c k on t h e O q u i r r h F o o t h i l l s „ I t u n d o u b t e d l y e x t e n d s o u t 
i n t o t h e l o w e r J o r d a n V a l l e y u n d e r c o v e r of t h e Lake B o n n e v i l l e s e d i m e n t s , 
w h e r e i t was o r i g i n a l l y d e p o s i t e d i n t h e form of c o a l e s c i n g a l l u v i a l f a n s e 
A d e s c r i p t i o n o f t h e H a r k e r s f a n g l o m e r a t e a s i t a p p e a r s i n H a r k e r s 
Canyon and v i c i n i t y , which i s d e s i g n a t e d a s t h e t y p e l o c a l i t y , f o l l o w s » 
F a n g l o m e r a t e , t a n t o g r a y , p o o r l y c o n s o l i d a t e d e x c e p t 
f o r l o c a l l e n s e s and wedges which a r e a l m o s t w h i t e 
due t o t h e CaGOq cement« The d e p o s i t a s a w h o l e i s 
p o o r l y s o r t e d w i t h o c c a s i o n a l c h a n n e l s and l e n s e s of 
r e d d i s h s i l t s . T o r r e n t i a l b e d d i n g and c u t - a n d - f i l l 
s t r u c t u r e a r e common. The m a t e r i a l i s composed o f 
a n g u l a r t o sub rounded q u a r t z i t e s , s a n d s t o n e s , d a r k 
l i m e s t o n e s , a n d e s i t e s and l a t i t e s which r a n g e i n s i z e 
from s i l t p a r t i c l e s t o b o u l d e r s 6 t o 8 f e e t a c r o s s . 
N o r m a l l y , t h e q u a r t z i t e s and o t h e r P a l e o z o i c r o c k s 
make up 80 p e r c e n t of t h e u n i t b u t , l o w e r i n t h e 
s e c t i o n t h e r e o c c u r wedges and c h a n n e l s t h a t a r e 
90 p e r c e n t v o l c a n i c d e t r i t u s . The o v e r a l l c o l o r i s 
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PLATE XI 
R a i l r o a d c u t i n O q u i r r h F o o t h i l l s showing w h i t e J o r d a n 
Narrows u n i t o v e r l a p p e d on f l a n k b y r e d s i l t s which g r a d e 
i n t o t h e H a r k e r s f a n g l o m e r a t e a t t o p of r i d g e . 
Bacchus P i t . View of J o r d a n Harrows u n i t o v e r l a i n u n -
c o n f o r m a b l y by Q u a t e r n a r y g r a v e l s . Note i r r e g u l a r 
e r o s i o n s u r f a c e . 
• 
I 
A.     thi s v.'i  it  
' ITO\IS it   ank  e  s "Alic  r
  r  rre   o  f r
B. 
c:II' .... • 
--
 it. EM f  N s i rl i  -
rn l   at    i r
 sur f
• 
PLATE X I I I 
A, View l o o k i n g s o u t h a t Bacchus S a l i e n t , 
Mounta ins can be seen a t f a r r i g h t . 
Edge o f O q u i r r h 
B„ Bacchus P i t , l o o k i n g s o u t h a t w e l l s t r a t i f i e d J o r d a n 
Narrows u n i t d i p p i n g a p p r o x i m a t e l y 30° t o t h e n o r t h w e s t . 
\ 
P TE =r
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B. Bacchus Pit, looking s outh at w l str atified r  
r s unit dipping a i atel y 300 t o t he e  • 
• 
--. 
B. Same a s F i g u r e A. Note c u t and f i l l s t r u c t u r e . 
• 
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PLATE XIV 
, 
. " 
-
A. Railroad cut in Oquirrh Foothills. This cut is at right 
angles t o t he long ridges of the pediment and exposes t he 
Harkers f anglomerate. 
• 
: ~~'~' .• '.~~~.~­
c" -" ""~~ 
I 
. a    . ot  i  str tur .
37 
g r a y and t h e cement and m a t r i x t u f f a c e o u s 0 C o b b l e s 
a r e t h e a v e r a g e p a r t i c l e s i z e and t h e r e a r e f e w e r 
s i l t and c l a y l e n s e s t h a n h i g h e r i n t h e s e c t i o n . 
The few t h i n s t r a t a of f i n e r m a t e r i a l o r e t u f f a c e o u s 
and c a l e a r e ous
 0 
The t h i c k n e s s of t h e f a n g l o m e r a t e u n i t i s a t l e a s t 300 f e e t i n 
H a r k e r s Canyon and was g r e a t e r b e f o r e p e d i m e n t e r o s i o n , , 
The H a r k e r s f a n g l o m e r a t e a p p a r e n t l y o r i g i n a t e d as a number of c o a l e s c i n g 
a l l u v i a l f a n s d e p o s i t e d o v e r a s u r f a c e of m o d e r a t e r e l i e f . The f a n s 
s u c c e e d e d i n b u r y i n g t h e o l d e r t o p o g r a p h y p o s s i b l y w i t h t h e e x c e p t i o n of 
some of t h e v o l c a n i c h i l l t o p s . L a t e r p e d i m e n t a t i o n and e r o s i o n p roduced 
t h e p r e s e n t day d i s t r i b u t i o n and o u t c r o p p a t t e r n . 
P a l e o n t o l o g y 
The m i c r o f o s s i l s found a r e v e r y s i m i l a r t o t h o s e l i s t e d f o r t h e 
J o r d a n Harrows a r e a , O s t r a c o d e s a r e f a i r l y a b u n d a n t b u t c h a r o p h y t e r e m a i n s 
s c a r c e . One new genus of o s t r a c o d e and a s p e c i e s of Candona n o t p r e v i o u s l y 
r e p o r t e d were d i s c o v e r e d . T h e s e we re C y e l o c y p r i s s p e c i e s ( ? ) and .Candona 
Xabae_formis,. A few bone f r a g m e n t s were a l s o s e e n b u t p roved u n i d e n t i f i a b l e . 
The m i c r o f o s s i l s were found o n l y i n t h e J o r d a n Harrows u n i t . 
I g n e o u s Rocks 
The v o l c a n i c r o c k s i n t h e O q u i r r h F o o t h i l l s a r e s i m i l a r t o t h o s e 
p r e v i o u s l y d i s c u s s e d i n t h e s e c t i o n on t h e J o r d a n N a r r o w s . I n t h i s p a p e r 
t h e y a r e r e f e r r e d t o a s t h e T r a v e r s e v o l c a n i c s . 
As p o i n t e d o u t e a r l i e r ( p a g e yi ) $ t h e v o l c a n i c s u s u a l l y a p p e a r a s 
l o w , r o u n d e d h i l l s and a r e more p r e v a l e n t i n t h e s o u t h e r n p o r t i o n o f t h e 
f o o t h i l l s . The a r e a b e t w e e n C o p p e r t o n and B u t t e r f i e l d Canyon i s composed 
p r e d o m i n a n t l y of v o l c a n i c r o c k s ( P l a t e X7I.I)
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TOOELE VALLEI 
I n t r o d u c t i o n 
The S t a n s b u r y Moun ta in s t o t h e w e s t . S o u t h Mounta in and S t o c k t o n 
Bar t o t h e s o u t h , t h e O q u i r r h Moun ta in s t o t h e e a s t and G r e a t S a l t Lake 
t o t h e n o r t h e f f e c t i v e l y bound T o o e l e V a l l e y ( P l a t e I ) . The v a l l e y i s 
a p p r o x i m a t e l y 10 m i l e s wide and 15 m i l e s l o n g , and r e p r e s e n t s a p o r t i o n , 
of t h e b a s i n of a n c i e n t Lake B o n n e v i l l e 0 The v a r i o u s l a k e t e r r a c e s a r e 
w e l l - p r e s e r v e d on t r ie s u r r o u n d i n g m o u n t a i n f l a n k s . 
The p r i n c i p a l s t r e a m s d r a i n i n g i n t o T o o e l e V a l l e y a r e N or th W i l l o w , 
S o u t h Wi l low, and Box E l d e r C r e e k s from t h e S t a n s b u r y Moun ta in s and S e t t l e 
ment C r e e k , Midd le C r e e k , and P i n e Canyon C r e e k from t h e O q u i r r h Mounta ins 
4 1 1 of t h e w a t e r d i s c h a r g e d i s u t i l i z e d by t h e i n h a b i t a n t s o f t h e v a l l e y 
f o r d o m e s t i c u s e o r i r r i g a t i o n » A r e p o r t by Thomas (1946) s h o u l d be r e ­
f e r r e d t o f o r a d d i t i o n a l i n f o r m a t i o n „ 
Geomorphology 
I n t h e v i c i n i t y of S o u t h Wil low Creek on t h e e a s t p i edmon t of t h e 
S t a n s b u r y Range a w e l l d e v e l o p e d ped imen t e x i s t s . The s u r f a c e h a s been 
e r o d e d a c r o s s a f a n g l o m e r a t e which f l a n k s t h e r a n g e and e x t e n d s w e l l i n t o 
T o o e l e V a l l e y . T h i s p e d i m e n t , a s I n J o r d a n V a l l e y i s d i s s e c t e d and a t 
l e a s t two d i s t i n c t s u r f a c e s c a n be o b s e r v e d a l o n g t h e r i d g e s which bound 
S o u t h Willow Creek Canyon. 
S t r a t i g r a p h y 
Rocks r a n g i n g i n age from p r e - C a m b r i a n t o R e c e n t c a n be found w i t h i n 
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t h e S t a n s b u r y Moun ta in s* Cf more c o n c e r n t o t h i s s t u d y a r e t h e T e r t i a 
v o l c a n i c s , c o n g l o m e r a t e s , and f a g g l o m e r a t e s wh ich make up t h e l o w e r 
p o r t i o n s of t h e m o u n t a i n s and t h e d i s s e c t e d ped iment t h a t e x t e n d s i n t o 
t h e v a l l e y o Thomas ( 1 9 4 6 , p p 0 109 -110) g i v e s t h e f o l l o w i n g g e n e r a l 
resume f o r p o s t - L a r a m i d e e v e n t s » 
• 
" S e d i m e n t s of p r o b a b l e Eocene a g e , c o n s i d e r e d t o 
be e q u i v a l e n t t o t h e Wasa tch f o r m a t i o n e l s e w h e r e 
i n U t a h , were d e p o s i t e d a l o n g t h e e a s t f l a n k of 
t h e m a j o r a n t i c l i n a l f o l d t h a t now forms t h e 
S t a n s b u r y Range , and may have been d i s t r i b u t e d 
w i d e l y a s f l u v i a t i l e and p e r h a p s l a c u s t r i n e 
d e p o s i t s i n T o o e l e V a l l e y , A f t e r t h e d e p o s i t i o n 
of t h e Wasa tch f o r m a t i o n , v o l c a n i c e r u p t i o n s on a 
m o d e r a t e s c a l e d i s t r i b u t e d l a t i t i c f lows and 
b r e c c i a s , and t u f f s o v e r t h e r e g i o n . B a s a l t was 
e r u p t e d l o c a l l y i n t h e S t a n s b u r y Range a s t h e l a s t 
s t a g e of v o l c a n i c a c t i v i t y i n t h e a r e a . These 
v o l c a n i c r o c k s have been e x t e n s i v e l y e r o d e d from 
t h e h i g h l a n d a r e a s and r e d e p o s i t e d by s t r e a m s a t 
l o w e r e l e v a t i o n s „ 
B lock f a u l t i n g t y p i c a l of t h e B a s i n and Range p r o ­
v i n c e a p p e a r s t o have begun d u r i n g t h e v o l c a n i c 
a c t i v i t y and c o n t i n u e d i n t e r m i t t e n t l y t o t h e p r e s e n t 
d a y „ " 
The b l o c k f a u l t i n g r e s u l t e d i n c o a r s e e l a s t i c s b e i n g s h e d i n t o t h e 
g r a b e n v a l l e y t o a t h i c k n e s s of s e v e r a l t h o u s a n d f e e t „ 
S o u t h W i l l o w Greek s e c t i o n 
T h i s s e c t i o n i s g e n e r a l i z e d b o t h w i t h r e s p e c t t o d e s c r i p t i o n and 
t h i c k n e s s e s o See P l a t e XV f o r c r o s s s e c t i o n , . 
F e e t 
S a l t Lake g r o u p 
F a n g l o m e r a t e , t a n , v e r y p o o r l y s o r t e d , u n c o n ­
s o l i d a t e d t o w e l l c o n s o l i d a t e d w i t h CaCO^, 
composed p r i m a r i l y of P a l e o z o i c b l a c k l i m e ­
s t o n e s and l i g h t c o l o r e d q u a r t z i t e s w i t h l e s s e r 
amounts of g r e e n and brown s h a l e s , t a n t o 
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d a r k brown s a n d s t o n e s and c h e r t » S m a l l 
amounts o f v o l c a n i c f r a g m e n t s and r e d c o n ­
g l o m e r a t i c c o b b l e s a r e p r e s e n t „ Lower i n 
t h e s e c t i o n t h e v o l c a n i c d e t r i t u s i n c r e a s e s 
c o n s i d e r a b l y © 
C o n g l o m e r a t e , w h i t e t o t a n , v o l c a n i c d e t r i ­
t u s , s l i g h t l y c a l c a r e o u s e x c e p t f o r two 
t h i n m a r l o r c h a l k z o n e s 0 D i s t i n c t i v e l y 
s t r a t i f i e d b u t t o r r e n t i a l i n n a t u r e w i t h 
I n d i v i d u a l s t r a t a r a n g i n g from s e v e r a l 
I n c h e s t o 4 o r 5 f e e t i n t h i c k n e s s 0 
P a r t i c l e s i z e r a n g e s from c l a y t o b o u l d e r s 
4 f e e t a c r o s s o I n g e n e r a l t h e m a t r i x i s 
a f i n e s a n d , p o o r l y c o n s o l i d a t e d b u t r e ­
s i s t a n t t o e r o s i o n e 
B r e c c i a , r e d t o b rown, v o l c a n i c , c o a r s e 0 
S a n d s t o n e , l i g h t g r a y , v e r y t u f f a c e o u s , n o t 
w e l l c o n s o l i d a t e d and c o n t a i n s some b o u l d e r s 0 
A l l m a t e r i a l i s v o l c a n i c 0 Seems t o v a r y 
c o n s i d e r a b l y i n t h i c k n e s s © 
B r e c c i a , r e d d i s h - b r o w n , v o l c a n i c , c o a r s e , 
w i t h l o c a l m a s s i v e a n d e s i t e bodies© 
A g g l o m e r a t e , g r a y , t o r r e n t i a l , may r e p r e s e n t 
a v o l c a n i c mudflow© 
B r e c c i a , v o l c a n i c , d a r k b rown , v e r y c o a r s e e 
A n d e s i t e , d a r k b rown , m a s s i v e , a p p a r e n t l y r e p ­
r e s e n t s a flow© 
A g g l o m e r a t e , g r a y , t u f f a c e o u s , shows some s t r a t i ­
f i c a t i o n and p a r t i c l e s r a n g e from sand t o b o u l d e r s 
4 t o 6 f e e t ac ross© 
—— u n c o n f o r m i t y — 
Wasatch ( ? ) f o r m a t i o n ( P a l e o c e n e t o Eocene a g e ) 
F a n g l o m e r a t e , r e d t o o r a n g e , w e l l I n d u r a t e d w i t h 
c o a r s e , s andy m a t r i x a,nd cement of r e d c a l c a r e o u s 
clay© B o u l d e r s c o n s i s t m o s t l y of d a r k g r a y t o 
l i g h t g r a y l i m e s t o n e , s i l t y s a n d s t o n e , and r e d 
m o t t l e d , s a n d y , l imes tone© The b o u l d e r s a r e 
s l i g h t l y rounded© Shows c r u d e s t r a t i f i c a t i o n © 
Average s i z e of t h e c o a r s e d e t r i t u s i s 2 t o 6 inches© 
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F e e t 
a n g u l a r u n c o n f o r m i t y ••• 
P a l e o z o i c l i m e s t o n e s ? 
D a v e n p o r t Canyon s e c t i o n 
A s e c t i o n measured i n Davenpo r t Canyon a b o u t 2 i / 2 m i l e s n o r t h of 
Sou th Wi l low Greek Canyon was s i m i l a r w i t h t h e a d d i t i o n of a 400 f o o t bed 
of l i m e s t o n e . 
F e e t 
S a l t Lake g r o u p 
B r e c c i a , r e d d i s h b rown , v o l c a n i c , coarse© 600 - 800 
S a n d s t o n e s arid s i l t s , g r a y , t u f f a c e o u s , 
somewhat c o n g l o m e r a t i c » 300 - 40C 
B r e c c i a , d a r k b rown , coarse© 40 - 50 
S a n d s t o n e , g r a y , t u f f a c e o u s , c o n t a i n s 
i s o l a t e d l a r g e v o l c a n i c bou lde r s© 300 - 400 
L i m e s t o n e , t a n t o y e l l o w , d e n s e , c r y s t a l l i n e © 300 - 400 
S a n d s t o n e , l i g h t g r a y , t u f f a c e o u s © 400 - 500 
A n d e s i t e , d a r k brown, m a s s i v e , r e p r e s e n t s 
flows© 100 - 200 
—— u n c o n f o r m i t y — 
P a l e o z o i c l i m e s t o n e s © ? 
Wasa tch ( ? ) f o r m a t i o n 
Rocks c a l l e d Wasa tch ( ? ) f o r m a t i o n i n t h e measu red s e c t i o n have a v e r y 
l i m i t e d e x t e n t on t h e e a s t s l o p e s of t h e S t a n s b u r y M o u n t a i n s e The o n l y 
e x p o s u r e i s a c o a r s e f a n g l o m e r a t e t h a t l i e s j u s t above t h e f i r s t and o l d e s t 
v o l c a n i c s © I t i s p l a s t e r e d on t h e P a l e o z o i c l i m e s t o n e s and d i p s s t e e p l y t o 
t h e east© A p o r t i o n of t h e o u t c r o p c a n be s e e n s e v e r a l hundred y a r d s above 
t 
--- l  f r ity ---
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Breccia, dark brown, coarse~ 
Sandstone, gray, tuffaceous, contains 
isolated large volcani  boulders. 
Limestone, tan t  yellow, dense, crystalline o 
Sand , light gray, tuffaceous. 
Andesite, dark brol-in, massiv , represents 
flows 0 
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1vasa tc h (?) formation 
 
~ 
300 40C 
40 50 
300 400 
  
4  5  
100 = 200 
? 
 ;;   t    <J.sure    
 t   t     H t inso P~
   r t  t  t     l
lcanics.     i      t
 to         l   
42 
t h e r a n g e r s t a t i o n i n South Val low Creek Canyon. A n o r t h - s o u t h f a u l t 
a p p a r e n t l y l i e s be tween t h e lias a t ch ( ? ) f o r m a t i o n and t h e t h i c k v o l c a n i c 
s e q u e n c e „ 
Reasons f o r c a l l i n g it. t h e Wasatch ( ? ) f o r m a t i o n a r e a s f o l l o w s J 
l o I t i s w e l l cemented , and u n l i k e t h e f a n g l o m e r a t e s 
-above t h e v o l c a n i c s wh ich a r e p o o r l y cemen ted . 
2 . I t h a s an a b u n d a n t s a n d y , s h a l y , and l i m y m a t r i x 
l i k e p a r t s of t h e Wasatch g r o u p e a s t of S a l t Lake 
C i t y . 
Wo f o s s i l s were found i n i t , and i t l i e s a p a r t from t h e v o l c a n i c s so t h a t 
s t r a t i g r a p h i c r e l a t i o n s canno t be d e m o n s t r a t e d . The c o r r e l a t i o n mus t t h e r e ­
f o r e be c o n s i d e r e d v e r y p o o r l y e s t a b l i s h e d . 
S a l t Lake g r o u p 
Thomas ( 1 9 4 6 , p p . 1 1 3 - 1 1 4 ) p l a c e s o n l y t h e y o u n g e s t f angLomera t e 
( P l a t e XV, u n i t 3) i n t h e S a l t Lake g r o u p . I n t h i s p a p e r a l l t h e T e r t i a r y , 
pos t -Was a t ch ( ? ) d e p o s i t s ( P l a t e XV, u n i t s 3 t h r o u g h 11.) a r e i n c l u d e d w i t h i n 
t h e S a l t Lake g r o u p . 
The v o l c a n i c a g g l o m e r a t e s , b r e c c i a s , and t u f f s ( P l a t e XV, u n i t s 3 - 9 ) a r e 
d i s t i n c t l y s t r a t i f i e d and a t t a i n a t h i c k n e s s of 1500 t o 2000 f e e t . They l i e 
i n a b e l t a l o n g t h e e a s t f l a n k of t h e S t a n s b u r y Moun ta in s from Box E l d e r 
Canyon t o Davenpor t Canyon and d i p e a s t w a r d a b o u t 20 . 
S e v e r a l t h i n s e c t i o n s were made i n an e f f o r t t o r e c o g n i z e a n y s i m i l a r i t i e s 
of t h e v o l c a n i c r e c k s t o t h o s e i n t h e O q u i r r h and T r a v e r s e M o u n t a i n s . They 
were examined and r e p o r t e d on by P r o f e s s o r Max S r i c k s o n o f t h e M i n e r a l o g y 
Depar tmen t of t h e U n i v e r s i t y of Utah a s f o l l o w s j 
No. 1 . A n d e s i t e from Davenpor t Canyon. 
I n t h i n s e c t i o n t h i s r o c k h a s a h y a l o p i l i t i c 
t e x t u r e . I t s a v e r a g e c o m p o s i t i o n r u n s 70 p e r ­
c e n t a n d e s i n e , 10 p e r c e n t a u g i t e , 1 0 p e r c e n t 
 &:nger l r:  t  :Jil o-:'J  <m o  b=sout  fa
r tl   -t.'.Joon  :l sat   rn   t    
Quence 0
Fi.e<3.scns  G:J,llinS   l: ~)atch  c ti    1'0110'\,,/5: 
10   ,J ll t , rrl  3 fanglo erate5
E~b  1 J.nics i  3.T.8 :~)Oorly e8
0  llt:lS D.11 l 1.clant r: y.9 n l , .11d ]-iIP-::r  
~:.c 'J,r ::; f 8~~;3. ch  6:lst f lt 
 tJl' <' 
n il  ",  i\:)1.111;'     o  .'lrt   i   t
i  e:ti  C:J.i::1.0t  cr:lOl1strated. o t  t th r -
   YOJ..;j l  esta lish
. TIP -111+) o    st fa lomerat
:tXl il  :.33.1t  po    Ll  ti r ,
?le.t. (} :v ~ wu    ll)  ..rlcluded uithi
 lt  .
 Ggl erat ,   's     ~  ar
 e:tifi  c.          lie
   o     l:x  j:,'I01.mtain    l
  1re     t ... \lar   0 • 
 r.  cct: .on  1';(1'8 ,::  2,,21 rt 8   si ilarities
   o         JiI 1.L'1tains
't'1er .xan  
rn t  l1  
 .. L 
'J    r ].l E r, f  l1ineralo
 v d   t!J  ; 
.:\ si   Jave  anyon 0 
      hyal itic
e.x:Cll.t't?o t::; ,ver  ositio:cl 1m  per-
 ?,ndG ?~   2,,-'gi e.?  perc t
43 
b i o t i t e , and 1 0 p e r c e n t g l a s s . The a n d e s i n e 
i s p r e s e n t i n m i c r o l i t e s n o t p h e n o c r y s t s . 
Trie a u g i t e i s m o s t l y p h e n o c r y s t a l l i n e . 
Ho. 2 . A n d e s i t e I r a n Sou th Wil low Creek . 
I n t h i n s e c t i o n t h i s r o c k shows a p i l o t a x i t i c 
t e x t u r e w i t h some p r e f e r r e d o r i e n t a t i o n t h a t 
may be t h e r e s u l t of f l o w a g e . Andes ine makes 
up 75 p e r c e n t of t h e r o c k and a p p e a r s b o t h 
a s zoned p h e n o c r y s t s and a s m i c r o l i t e s . I n 
t h e p h e n o c r y s t s t h e a v e r a g e c o m p o s i t i o n i s 
Ab56^44« H o r n b l e n d e i s p r e s e n t a s a b o u t 
15 p e r c e n t of t h e r o c k and shows m a g n e t i t e 
r i m s . The o t h e r 10 p e r c e n t I s p r e d o m i n a n t l y 
a u g i t e . 
As a r e s u l t i t may be c o n c l u d e d t h a t g e n e r a l s i m i l a r i t i e s e x i s t b e ­
tween t h e Oqui r rh—Traverse v o l c a n i c s and t h o s e i n t h e S t a n s b u r y M o u n t a i n s . 
They have t h e same t e c t o n i c s e t t i n g and a r e p r o b a b l y o f t h e same a g e . 
The c o n g l o m e r a t e ( P l a t e XV, u n i t 1 0 ) , composed a l m o s t e n t i r e l y of 
v o l c a n i c m a t e r i a l , r e p r e s e n t s e r o s i o n from a v o l c a n i c t e r r a i n and r e -
d e p o s i t i o n a t a l o w e r e l e v a t i o n ( P l a t e XVI, f i g u r e A and B ) . The l a c k o f 
any P a l e o z o i c r o c k s i n t h i s c o n g l o m e r a t e would i n d i c a t e t h a t t h e v o l c a n i c 
a c c u m u l a t i o n s e f f e c t i v e l y d e f l e c t e d d r a i n a g e from t h e S t a n s b u r y Moun ta in s 
a t t h i s p l a c e and no P a l e o z o i c s were washed i n . 
The y o u n g e s t f a n g l o m e r a t e ( P l a t e XV, u n i t 11 ) i s s i m r i l a r t o t h e H a r k e r s 
f a n g l o m e r a t e . Lamber t (1941* PP« 2 3 - 2 4 ) named t h i s u n i t t h e S t a n s b u r y 
c o n g l o m e r a t e and a g g l o m e r a t e . I t h a s an a n g u l a r d i s c o r d a n c e of abou t 5 ° 
w i t h u n i t 10 b u t no uncon fo rmab le c o n t a c t was s e e n . F a u l t i n g , a s p r o p o s e d 
f o r t h e o r i g i n of t h e H a r k e r s f a n g l o m e r a t e , a l s o seems t o b e t h e b e s t e x ­
p l a n a t i o n fo r t h e f a n g l o m e r a t e f l a n k i n g T o o e l e V a l l e y . The d e f i n i t e d e c r e a s e 
i n v o l c a n i c d e t r i t u s and I n c r e a s e i n Cambrian s h a l e s and q u a r t z i t e s i n t h e 
u p p e r p a r t of t h e u n i t i n d i c a t e s t h e i n c r e a s e d deve lopmen t of d r a i n a g e from 
t h e h igh P a l e o z o i c r o c k s t o t h e w e s t a c r o s s t h e v o l c a n i c a r e a . The change 
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PLATE XVI 
A, N o r t h s i d e of" South Willow Creek Canyon i n t h e S t a n s b u r y 
M o u n t a i n s . View o f t u f f a c e o u s a g g l o m e r a t e d i p p i n g 
a p p r o x i m a t e l y 2 5 ° t o t h e e a s t . 
B. South s i d e of South Wil low Creek Canyon, View of v o l c a n i c 
c o n g l o m e r a t e , a b o u t 800 f e e t e x p o s e d i n t h i s c l i f f . 
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may have been due t o r enewed u p l i f t o f t h e r a n g e b y f a u l t i n g . Thomas 
( I 9 4 6 , p« 113) s u g g e s t e d a l a t e P l i o c e n e a g e f o r t h e r enewed u p l i f t wh* ch 
c o r r e s p o n d s w e l l w i t h t h e w r i t e r 8 s t e n t a t i v e d a t i n g of t h e H a r k e r s f a n g l o m e r a t e . , 
Along t h e w e s t f l a n k o f . the O q u i r r h Moun ta in s t h e r e a r e l i m i t e d o u t ­
c r o p s o f t h e same f a n g l o m e r a t e b u t t h e c o n s t i t u e n t p a r t i c l e s a r e much c o a r s e r , 
a s migh t be e x p e c t e d from t h e s t e e p O q u i r r h f r o n t . Thomas (194&, p . 117) 
p o i n t s ou t t h a t t h e b e d s of t h e f o r m a t i o n a l o n g t h e O q u i r r h Moun ta in s now 
d i p v a l l e y w a r d a t a n g l e s p r e v a i l i n g l y l e s s t h a n t h e i n c l i n a t i o n o f b e d s 
a l o n g t h e S t a n s b u r y M o u n t a i n s , p r e s u m a b l y b e c a u s e of e a s t w a r d t i l t i n g by 
l a t e r b l o c k f a u l t i n g . 
^ i c k e y - C a s s i t y Hp. 1 w e l l 
The r e c e n t d r i l l i n g of a t e s t o i l w e l l a b o u t 3 m i l e s n o r t h e a s t o f 
G r a n t s v i l l e , Utah a t t h e n o r t h end of Tooe le V a l l e y h a s p r o v i d e d an e x c e l l e n t 
o p p o r t u n i t y t o l e a r n s o m e t h i n g of t h e s u b s u r f a c e Genozoic s e d i m e n t s w i t h i n 
t h e G r e a t S a l t Lake B a s i n . Th i s I s one of t h e few d e e p w e l l s i n t h e a r e a 
f o r which samples a r e a v a i l a b l e . I t I s d e s c r i b e d a s f o l l o w s g 
Tooe le County , Hi eke y O i l C o r p o r a t i o n No. 1 - C a s s i t y w e l l 13-2S-5W. 
E l e v a t i o n 4255 f e e t a p p . g r o u n d . Spudded 1 2 - 1 5 - 5 4 5 s e t 10 i n c h c a s i n g a t 
892 f e e t w i t h 200 s a c k s of cement . 
F e e t 
Q u a t e r n a r y 
Gray t o b l a c k , v e r y s o f t , l i m y mud c o n t a i n i n g 
a few t h i n s t r i n g e r s o f sand and g r a v e l . 
( d r i l l e r ' s l o g ) 0 - 892 
Top ( ? ) of T e r t i a r y - S a l t Lake g r o u p 
M a r l jffllt. 
M a r l , g r a y t o l i g h t g r a y , c o n t a i n s some o o l i t e s , 
f e c a l p e l l e t s , a n d m o l l u s c a n s h e l l f r a g m e n t s . 
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F e e t 
I t has s andy s t r e a k s composed of q u a r t z , m i c a , 
and d a r k m i n e r a l s o r l e n s e s of t a n c o l o r e d , 
somewhat b e n t o n i t i c c l a y * 892 - 1150 
Same, b u t o o l i t e s make u p 1 0 t o 15 p e r c e n t 
o f t h e s a n c l e s and o t h e r e l a s t i c s r u n t o 
15 p e r c e n t . 1150 - 1170 
M a r l , g r a y , s o f t , s l i g h t l y b e n t o n i t i c w i t h 
s h a l y s t r e a k s due t o h i g h e r c l a y c o n t e n t . 
M i c r o - g a s t r o p o d , g r r j A r J ^ s p . 1170 - 1420 
Same, b u t d a r k e r g r a y , more c l a y and f r a g ­
m e n t s , show b l o c k y f r a c t u r e . O o l i t e s few 
I n number . No s a n d , 1420 - 1505 
No s a m p l e s . 1505 - 1560 
Mar l a s a b o v e . , 1560 - 1695 
S h a l e u n i t 
S h a l e , t a n t o y e l l o w , s a n d y , s l i g h t l y 
c a l c a r e o u s w i t h s e v e r a l , s t r e a k s of c l e a n c l a y . 
Sand p a r t i c l e s composed of q u a r t z i t e and 
b l a c k l i m e s t o n e t h a t a r e a n g u l a r t o s u b -
r o u n d e d . 1695 - 1840 
M a r l , g r a y t o w h i t e , somewhat s h a l y . 1840 - 1905 
No s a m p l e s . 1905 - 1995 
S h a l e , l i g h t g r a y t o t a n , s a n d y , c a l ­
c a r e o u s . 1995 - 2070 
Sand and g r a v e l u n i t 
Sand and g r a v e l , t a n , d i r t y , composed of a n g u l a r 
t o s u b - r o u n d e d q u a r t z i t i c f r a g m e n t s w i t h l e s s e r 
amounts o f g r a y and b l a c k l i m e s t o n e . A few 
m e l i u s can s h e l l f r a g m e n t s and o o l i t e s . 2070 - 2320 
Marl^ j a n i t 
M a r l , t a n t o g r a y , a s a b o v e . 2320 - 2470 
S h a l e ^ s a n d , a n d g r a v e l u n i t 
S h a l e , l i g h t t a n , s l i g h t l y c a l c a r s o n s , a l t e r n a t i n g 
w i t h l e n s e s of p o o r l y s o r t e d , s a n d s , g r a v e l s and 
c l a y . Sands and g r a v e l s composed p r i m a r i l y of 
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l i g h t c o l o r e d q u a r t z i t e s and d a r k lime— 
s t o n e s o Clays a r e p i n k and b e n t o n i t i c Pew 
o o l i t e s and s h e l l f r a g m e n t s p r e s e n t . 
Samples t h r o u g h t h i s i n t e r v a l c o u l d b e s t b e 
d e t e r m i n e d d i r t y 0 
No s a m p l e s . 
Sand, c o a r s e , a n g u l a r , composed o f f r a g ­
ments of q u a r t z i t e , and e q u a l amounts o f 
c a l c a r e o u s s h a l e o r m u d s t o n e 0 
No s a m p l e s . 
Sand, g r a v e l , and s h a l y mud i n a b o u t e q u a l 
amoun t s . R e p r e s e n t s e i t h e r a l t e r n a t i n g 
s t r a t a o r a f a i i g l o m e r a t e . 
Same, b u t e l a s t i c s a r e f i n e r ; t h e r e a r e s t r e a k s 
of v e r y l i g h t t a n , s i l t y m a r l o r mud and t h e 
s ands have more b l a c k l i m e s t o n e t h a n a b o v e 
Sand and g r a v e l , t a n , c o a r s e , u n c o n s o l i d a t e d 
w i t h mincer amounts of c a l c a r e o u s s i l t and 
m i c r o - g a s t r o p o d f o s s i l s . Lymnaea s p . 
Same w i t h t h e e x c e p t i o n t h a t f i r s t i g n e o u s 
d e t r i t u s was r e c o r d e d - a n d e s i t e s , f e l d s p a r , 
da rk m i n e r a l s of mica and t o u r m a l i n e . Also 
found t h i n l e n s e s o f t a n t o y e l l o w s h a l e . 
Same w i t h h i g h e r pe rcen t -age of s h a l e s and 
m u d s t o n e s . 
Same b u t o o l i t i c - up t o 15 p e r c e n t , i g n e o u s 
d e t r i t u s common. P y r i t e and s h e l l f r a g m e n t s 
p r e s e n t and l e s s e r amounts of gypsum and s a l t o 
D r i l l i n g mud f o r mos t p a r t . 
C lay , g r a y and y e l l o w ; c a l c a r e o u s , s i l t y 
s h a l e s ; l i g h t g r a y m a r l s w i t h numerous 
m i c r o ~ - s a s t r o p o d s , Lyjpnaea^,_ v e r t i c o * £ ^ y ^ a . • 
G r a v e l , c o a r s e s and , and s i l t s , t a n i n c o l o r , 
q u a r t z i t e f r a g m e n t s dominant and r a n g e i n s i z e 
up oo 1 i n c h a c r o s s , l e s s e r amounts of l i m e ­
s t o n e , i g n e o u s f r a g m e n t s , gypsum, p y r i t e , d a r k 
m i n e r a l s , m i c a , and c a l c i t e . 
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2470 - 2925 
2925 - 3060 
3060 - 3125 
3125 - 3205 
3205 - 3305 
3305 - 3495 
3495 - 3740 
3T{KJ - 3890 
3890 - 3975 
3975 - 4045 
4045 - 4080 
4080 - 4120 
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F e e t 
S h a l e s , t a n , c a l c a r e o u s and sandy mixed i n f r e e l y 
w i t h t h e c o a r s e r d e t r i t u s . (4380 i s n o t c o r r e c t e d 
t o c o i n c i d e w i t h e l e c t r i c lo,-; which shows a d e p t h 
o f a b o u t 4925) 4120 - 4880 
— b o t t o m of T e r t i a r y — -
P a l e o z o i c - O q u i r r h f o r m a t i o n ( ? ) 
L i m e s t o n e s , b l a c k , w i t h c a l c i t e s t r e a k s ; g r a y • 
s i l i c i o u s l i m e s t o n e s ; d a r k g r a y d o l o m i t e s ; t a n 
s h a l e s ; and l i g h t , b r i t t l e , h i g h l y f r a c t u r e d 
q u a r t z i t e s . No m i c r o - f o s s i l s * 4880 - 5470 
Gored a p p r o x i m a t e l y 1 7 f e e t b u t r e c o v e r e d o n l y 
7 f e e t . E l e c t r i c l o g shows T .D. a t 5 4 8 0 . Gore 
sample was a p o r o u s , w e l l - f r a c t u r e d , l i g h t c o l o r e d 
q u a r t z i t e , p r o b a b l y p a r t o f t h e O q u i r r h f o r m a t i o n . 
S e v e r a l gas shows we re r e p o r t e d b u t t h e w r i t e r was n o t a t t h e w e l l when 
t h e t e s t s were made and c a n n o t vouch f o r t h e r e p o r t s . O i l s t a i n s were a l s o 
r e p o r t e d b u t t h e c u t t i n g s examined d i d n o t r e v e a l any o i l s t a i n s . However, 
t h e c o r e s a m p l e s t a k e n from t h e b o t t o m o f t h e h o l e s m e l l e d of p e t r o l e u m and 
f l u o r e s c e d u n d e r a b l a c k l i g h t . No s t a i n s were v i s i b l e u n d e r o r d i n a r y l i g h t . 
The w r i t e r was n o t a t t h e d r i l l i n g s i t e when t h e c o r e s a m p l e s were o b t a i n e d . 
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TiOZEL HILLS 
i n t r o d u c t i o n 
The H o z e l H i l l s a r e a l i e s a l o n g t h e s h o r e o f G r e a t S a l t Lake j u s t w e s t 
of t h e Sou th P r o m o n t o r y 1 fountains and f o r t h e most par t , i s r e p r e s e n t e d by a 
g r o u p of l o w - l y i n g , b a s a l t c apped , h i l l s , A s e c o n d a r y r o a d "which fo l lows ' t h e 
o l d Union P a c i f i c l i a i l r o a d r o u t e t o P romon to ry , Utah g i v e s a c c e s s t o t h e Hoze l 
H i l l s o I n t h e p a s t , t h e a r e a h a s r e c e i v e d c o n s i d e r a b l e a t t e n t i o n b e c a u s e o f 
t h e a s p h a l t s e e p s j u s t off R o z e l P o i n t . 
Ge ornor p h o l o gy 
The Hoze l H i l l s a r e p a r t of t h e i n t e n n o n t a n e d e s e r t and t h e r e a r e no 
pe rmanen t S t r e a m s . A p o r t i o n o f t h e o l d e r Lake B o n n e v i l l e f l o o r c o n s t i t u t e s 
a b r o a d f l a t v a l l e y s e v e r a l m i l e s wide which s e p a r a t e s t h e h i l l s from t h e 
South P r o m o n t o r y Moun ta in s t o t h e e a s t . 
A s e r i e s of a l t e r n a t i n g b a s a l t f l ows and l i m e s t o n e beds p r o d u c e a r e l a t i v e l y 
s h a r p r i d g e o r e u e s t a t h a t p a r a l l e l s t h e l a k e f ront- f o r a d i s t a n c e of s e v e r a l 
m i l e s . The c r e s t o f t h e r i d g e r i s e s a b o u t 300 f e e t above t h e l a k e and r e p r e ­
s e n t s t h e maximum r e l i e f i n t h e Hoze l H i l l s . I n a n o r t h e r l y d i r e c t i o n from 
t h e l a k e f r o n t t h e r i d g e becomes subdued and merges w i t h l o n g , l o w , i s o l a t e d , 
b a s a l t - c a p p e d h i l l s . Lake B o n n e v i l l e s e d i m e n t s f i l l t h e i n t e r v e n i n g v a l l e y s 
and i n many i n s t a n c e s v e n e e r t h e b a s a l t s . 
S t r a t i g r a p h y and S t r u c t u r e 
G e n e r a l S t a t e m e n t 
Only Cenozo ic r o c k s a r e r e p r e s e n t e d i n t h e Fiozel H i l l s . They a r e p r e -
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d o m i n a n t l y i n t e r b e d d e d b a s a l t f l o w s and l a c u s t r i n e l i m e s t o n e s w i t h s m a l l 
amounts o f m a r l s , s i l t s , and s a n d s . 
The s t r u c t u r e a p p e a r s s i m p l e . T e r t i a r y r o c k s have a r e g i o n a l d i p t o t h e 
n o r t h e a s t of 1 3 ° . T h i s inay b e due t o a m a j o r n o r t h w e s t - s o u t h e a s t t r e n d i n g f a u l t 
t h a t l i e s b e t w e e n t h e P romon to ry M o u n t a i n s and t h e R o z e l H i l l s , o r one t h a t 
l i e s d i r e c t l y wes t of t h e R o z e l H i l l s c u e s t a . The c u e s t a h a s a l s o b e e n p r o ­
posed t o be t h e g e n t l y d i p p i n g l i m b of a f o l d . Mot enough o f t h e T e r t i a r y 
r o c k s a r e e x p o s e d , however , t o d e t e r m i n e t h e l a r g e r s t r u c t u r a l r e l a t i o n s . 
The Q u a t e r n a r y s e d i m e n t s a r e u n d i s t u r b e d . See c r o s s s e c t i o n s on P l a t e X Y I I I . 
Measured s e c t i o n 
The f o l l o w i n g s t r a t i g r a p h i c s e c t i o n was t a k e n a l o n g t h e r i d g e p a r a l l e l i n g 
t h e 3ake and a t a p o i n t abou t 1 /2 m i l e w e s t o f R o z e l P o i n t . 
F e e t 
S a l t Lake g r o u p 
(Top o f s e c t i o n ) 
B a s a l t , d a r k g r a y t o b rown , somewhat c r y s t a l l i n e , 
v e s i c u l a r , and a p p e a r s t o b e i n two f l o w s . 60 
L i m e s t o n e , l i g h t y e l l o w t o w h i t e , o o l i t i c , 
m a s s i v e , p o r o u s . Has a b r e c c i a t e d a p p e a r a n c e 
b e c a u s e of numerous c l a y g a l l s and s i l i c e o u s 
f r a g m e n t s . 45 
Covered b y a l l u v i u m , p r o b a b l y l i m e s t o n e . 1 0 
B a s a l t a s a b o v e a n d s h e e t e d . 32 
L i m e s t o n e , l i g h t t a n , e l a s t i c s a s b e f o r e , 
w i t h some s t r e a k s h i g h l y s i l i c e o u s . 19 
Covered b y a l l u v i u m , p r o b a b l y l i m e s t o n e . 8 
B a s a l t a s above and s h e e t e d . 27 
L i m e s t o n e a s a b o v e . 44 
Al luv ium c o v e r o f c a l c a r e o u s s i l t s and c l a y , 
p r o b a b l y l i m e s t o n e . 30 
       ld  s l
     san s.
         the
t  0 •  m    r t t st  fault
  v/    Jti t i        that
        'l'     pr -
         N   T~rtiary
'-   posed51 Oi'llever  nn     relations.
ternar--j"         V .
H  secti
 ~:ing i   l"la      parallelin
 l    t    ,rlest   P i t.
  r
  secti
lt,    , t cr t li ,
l r,       mf  
 t i ol<J'  i  i
  i  a
 f   l   siliceo
fragments. 
Covered by alluvium, probably limestone. 
Basalt as above and sheeted. 
Limestone, light tan, clastics as before, 
'VJith some streaks highly siliceous. 
Covered by alluvium, probably limestone. 
Basalt as above and sheeted. 
Limes~one as above. 
Alluvium cover of calcareous silts and clay, 
probably limestone. 
45 
10 
32 
19 
8 
27 
44 
30 
F e e t 
B a s a l t a s above b u t s t r o n g l y w e a t h e r e d and 
j o i n t e d . (Lake l e v e l ) ' 10 
T o t a l t h i c k n e s s 295 
Water w e l l s e c t i o n 
The d a t a f o r t h i s s e c t i o n was o b t a i n e d f rom an o l d e x p l o r a t i o n w e l l dug 
i n s e a r c h o f w a t e r . The w e l l i s a p p r o x i m a t e l y 6 f e e t a c r o s s and 5 0 f e e t 
d e e p . A c h a n n e l sai >le - as c o l l e c t e d i n 1 f o o t i n t e r v a l s . See P l a t e XVTII 
f o r l o c a t i o n and c r o s s s e c t i o n B-B f o r s t r a t i g r a p h i c r e l a t i o n t o t h e i n t e r ­
bedded b a s a l t s and l i m e s t o n e s . M i c r o s c o p i c e x a m i n a t i o n s of t h e s a m p l e s i n 
t h e l a b o r a t o r y showed t h e m t o be b a r r e n o f m i c r o f o s s i l s . 
F e e t 
Q u a t e r n a r y 
Clays and c a l c a r e o u s s i l t s , v e r y l i g h t t a n 
t o w h i t e . 4 
T e r t i a r y - S a l t Lake g r o u p 
M a r l , w h i t e , d i r t y , t r a c e s o f y e l l o w c l a y 
t h a t i s somewhat b e n t o n i t i c . The c l a y s a r e 
s h a l y i n c o n t r a s t t o t h e b l o c k y f r a c t u r e o f 
t h e m a r l s . 7 
M a r l , same a s a b o v e , b u t g r a y e r i n c o l o r , 
s h a l y , and f i s s i l e . 3 
Tuff , g r a j / , g l i t t e r i n g , p o o r l y cemented w i t h 
CaC03o The b u l k of t h e m a t e r i a l i s composed 
of g l a s s y s h a r d s w i t h s m a l l amounts of m i c a 
and o t h e r d a r k m i n e r a l s . • 3 
Mar l and t u f f a s above b u t i n t e r b e d d e d . 3 
Tuff , b l u e - g r a y , p o o r l y c o n s o l i d a t e d , v e r y 
c l e a n . 4 
M a r l , d i r t y w h i t e , s o f t and s h a l y . 2 
M a r l s t o n e , g r a y t o w h i t e , h a r d , b l o c k y 
f r a c t u r e . 7 
50 
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Narl, SaJl)3 as above , but grayer in color, 
shaly, and fissile . 
, y, itt ring ,  ne t  .. lit
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and other dark minerals ~ 
I-farl and tuff as above but inter bedded. 
Tuff, blue-gray, poorly consolidated, very 
cl ean. 
Harl , dirty \-rote, soft a.'1d shaly. 
Harlstone, gray to " .. hite, hard, bl ocky 
f r acture. 
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F e e t 
C l a y , l i g h t t o n , c a l c a r e o u s and c o n t a i n s a 1 i n c h 
s t r a t u m of c a r b o n a c e o u s f r a g m e n t s i n a q u a r t z s a n d . 4 
M a r l , w h i t e , s o f t , c rumbly , b a s e n o t e x p o s e d . 10 
T o t a l t h i c k n e s s 4? 
L e o n o r a - R a d d a t z w e l l l o g 
T h i s s e c t i o n was t a k e n from a w e l l l o g s u p p l i e d anonamous ly t o t h e 
w r i t e r . The s a m p l e s were n o t a v a i l a b l e f o r e x a m i n a t i o n b y t h e w r i t e r . The 
w e l l was d r i l l e d i n 14-9N-8W, Box E l d e r County , Utah i n 1934» Bee P l a t e 
XVIII f o r l o c a t i o n . 
Lake B o n n e v i l l e and Recen t l a c u s t r i n e 
s e d i m e n t s * Mo s a m p l e s 
S h a l e , Whi te t o b u f f , c a l c a r e o u s , a s h y , 
w i t h some b e n t o n i t i c s t r e a k s . C o n t a i n s 
p e b b l e s of s a n d s t o n e and c a l c a r e o u s q u a r t z i t e . 50 - 200 
Top ( ? ) o f S a l t Lake g roup 
S i l t , l i g h t g r a y , a s h y , c a l c a r e o u s and 
m i c a c e o u s . 
S a n d s t o n e , composed of a g g r e g a t e s o f 
q u a r t z i t e f r a g m e n t s , g l a u c o n i t e and 
m i c a . Cemented w i t h ash and p e r m e a b l e . 
S i l t a s a b o v e . 
S h a l e , v e r y l i g h t g r a y , a s h y and 
c a l c a r e o u s . 
S a n d s t o n e , g r a y , c o n t a i n i n g medium s i z e d 
f r a g m e n t s o f q u a r t z i t e , some g l a u c o n i t e , 
and a shy c a l c a r e o u s cement . 
S h a l e a s a b o ^ e , becoming b e n t o n i t i c and 
l o c a l l y l a m i n a t e d o 
Same w i t h r o u n d e d p e b b l e s of l i m y q u a r t z i t e 
and s i l i c i o u s l i m e s t o n e , a v e r a g e d i a m e t e r of 
5 mm. 610 - 710 
F e e t 
0 - 5 0 
200 - 230 
230 - 250 
250 - 350 
350 - 330 
380 - 390 
390 - 610 
aY3 t a  ::'ucareol;s Il   i
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F e e t 
S h a l e , d a r k brown, v e r y h a r d , w i t h t r a c e s of 
m i c a and c a r b o n a c e o u s s t r e a k s . 710 - 720 
S h a l e , g r a y , a s above and becoming more c a l c a r e o u s » 
L o c a l l y " c r y s t a l l i n e . 720 - 330 
M a r l , v e r y l i g h t g r a y t o g r e e n , h a r d , i n t e r b e d d e d 
w i t h b rown, l i m y , s h a l e . M a r l g r a d e s i n t o some 
d o l o m i t i e l i m e s t o n e s . 830 - 390 
S h a l e , brown t o p i n k , h a r d , c a l c a r e o u s w i t h 
b l o c k y f r a c t u r e . 390 - 910 
S h a l e , brown t o g r a y , s o r t , c a l c a r e o u s - s i l t y . 910 - 950 
Mar l o r a r g i l l a c e o u s l i m e s t o n e , w h i t e ^ g i l s o n l t e 
i n s m a l l a m o u n t s . 950 - 980 
S h a l e , w h i t e , c a l c a r e o u s , b e n t o n i t i c , w i t h 
p e b b l e s o f q u a r t z i t e . 980 - 1080 
Same a s a b o v e w i t h c a l c a r e o u s ( a r a g o n i t e ) 
o o l i t e s . Average d i a m e t e r of 1 .5 mm. 1080 - 1090 
M a r l , w h i t e , v e r y a r g i l l a c e o u s , f i n e l y 
c r y s t a l l i n e , p r o b a b l y p o r o u s . Had good 
l i v e o i l s t a i n . 1090 - 1120 
S h a l e , g r a y t o t a n , a s h y , v e r y s i l t } - , 
w i t h b e n t o n i t e * 1120 - 1180 
Graywacke, b l a d e t o d u l l g r a y , an 
a g g r e g a t i o n o f f e r r o - m a g n e s i u m m i n e r a l s . 
Source seems t o have b e e n an a n d e s i t i c 
b a s a l t . 1180 - 1250 
S h a l e , l i g h t t a n , s i l t y , i n t e r b e d d e d c a l c i t e 
s t r i n g e r s . 1250 - 1280 
S h a l e , g r a y , v e r y s o f t , b e n t o n i t i c . 1280 - 1310 
Same b u t v e r y o o l i t i c . O o l i t e s r o u n d t o 
e g g - s h a p e d w i t h p y r i t e or c l a y n u c l e i . 1310 - 1420 
S h a l e , l i g h t t o d a r k b rown, c a l c a r e o u s , 
b e n t o n i t i c , c o n t a i n i n g l i m e s t o n e and p y r i t e 
g r a i n s . L o c a l l y s t r e a k s a r e v e r y s i l t y 
and some c a l c i t e v u g s p r e s e n t . 1420 - 1500 
Graywacke a s a b o v e . 1500 - 1510 
~]:;~ .e 9 y  i'Jr., 1Tor " .G,r .~ ~~l:t l:l rCLce   
I~tiC.J. 211(1 car~onE,ceolJ.D Dtreal~§~~ 
Shale.~ gray j as above an:!. bcco;d.ng :Glore ca1c;~treous 0 
Locally cr}Tstallinco 
I1arl, very l:.f)lt grc,J to green, hDrcl~ interbedded 
',lith oro"m.)' lirr'.Y.I> shale. E3,rl grades into some 
dolon:j_tic IiL:estou8:J~ 
Sh2.1e j 1JrG~!.c. to ~)irlJ:Cj hE.rd, cJ..lc8,re01.1S ~1it11 
l)locl~f fr(~·.ctlll"e n 
l,r::;,rl or argil.l::J.ceoHG licestGD8~ white, gilsonite 
in small amounts 0 
3hale~ ;lhi te~ calc2~reol:,s, ;'cntonitic, with 
pebl')la s of q1)~artzitea 
ane c,'] abov8 ·"ith calcareous (aragonite) 
oolites. ,.'[crage diaII'.eter of 1.5 Ire'l. 
l~l3.rJ~, t?/11it-G., verJr al~gi.llaceov.s, fi:c.ely 
cryst lline, probably porous. Had good 
li.ve oil sta:;.no 
51:l8,},8, gra;:r to t:s~n,'j asli;j;--., ,~rer;y si].t~r:r 
l'il.th bental'li t e ~ 
Gra:;.r~vaclce, 1} lD. cl~ to d t"CLl r;ray, c~n 
aggr gation of ferro-m.CLf:;,"TIosiu,'TI rninernls. 
Source ~eelYlS to have been 321 a.ndesitic 
basalt. 
hJ.le~ liGLt [,3.1:"',9 r;5.1ty, interbe ded alcite 
stringers. 
Same but Ver7 oolitic;. Oolites round to 
egg-shaped ·vri.th p:yrite or clay nucleL 
ole, light to dark brOltKl, chlcareolls, 
bentonitic, containing limestone a",d pyrite 
grcii1s Q locc.;.ily streaks are very silty 
aDd SOll~e calcite Vl~gS present.
710 = 720 
720 - 830 
830 - 890 
B90 910 
91  5
950 - 980 
8  1080 
1080 - 1090 
9  - 12  
il20 - il80 
il80 - 1250 
1250 1280 
1280 1310 
1310 - 1420 
42  50  
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F e e t 
S h a l e , w h i t e , h a r d , a s h y , i n t e r b e d d e d w i t h 
g r a y w a c k e s and o o l i t i c b l a c k s h a l e s „ 1510 ~ I 6 4 0 
S h a l e , b l a c k , f l a k y , c a l c a r e o u s and b e n t o n i t i c . 
Has v i t r e o u s a p p e a r a n c e r e s u l t i n g from much 
c a r b o n a c e o u s m a t e r i a l . 1640 - 1660 
Graywacke, d a r k g r e e n t o b l a c k , a s a b o v e . 1660 - 1 6 ? 0 
S h a l e , g r a y t o brown, c a l c a r e o u s , specked 
w i t h c a l c i t e v u g s . 1670 - 1780 
Muds tone , g r a y t o w h i t e , v e r y h a r d , i n t e r ­
bedded w i t h a s h b e d s c o n t a i n i n g c o a l s t r e a k s . 
Lense s of v o l c a n i c graywacke* 1780 - 1850 
S a n d s t o n e , b l a c k v o l c a n i c wash w i t h t r a c e 
o f v o l c a n i c g l a s s b u t g e n e r a l l y c r y s t a l l i n e . 1850 - 1900 
Sand,, u n c o n s o l i d a t e d a n d e s i t e b a s a l t wash w i t h 
g r a i n s and f r a g m e n t s o f m e t a - c a r b o n a t e s « 
G r a i n s a r e f r a g m e n t a l t o s u b - r o u n d e d and up t o 
1 0 mi a c r o s s , i n c l u d e d m i n e r a l s a r e m i c a , f e l d s p a r , 
h o r n b l e n d e , q u a r t z ; has some s e c o n d a r y c a l c i t e 
c r y s t a l s p r e s e n t . 1900 - 2140 
S h a l e , g r a y t o g r a y g r e e n , a s h y and u n ­
c o n s o l i d a t e d 0 2140 - 2280 
T o t a l Depth 
The s u r f a c e e x p o s u r e s a r e composed o f m a s s i v e , o o l i t i c l i m e s t o n e b e d s 
i n t e r c a l a t e d , w i t h b a s a l t f l o w s . The l i m e s t o n e s c o n t a i n a h i g h amount o f 
s i l i c i o u s f r a g m e n t s and c l a y g a l l s , i n t h i s p a p e r t h e l i m e s t o n e s a r e r e f e r r e d 
t o a s T e r t i a r y l i m e s t o n e s and p l a c e d i n t h e S a l t Lake g r o u p . T e n t a t i v e l y 
t h e y a r e d a t e d a s P l i o c e n e a l t h o u g h no f o s s i l s were f o u n d , t o s u p p o r t t h i s . 
These l i m e s t o n e s r e p r e s e n t a n e a r s h o r e l a c u s t r i n e e n v i r o n m e n t t h a t was 
i n v a d e d a t l e a s t f o u r t i m e s by b a s a l t f l o w s ( P l a t e 3537111, c r o s s s e c t i o n s ) . 
c3h:l 8jl "\ihit " ",.r j 3,sh , ,,,rbed  
ra:r~'JI=J.ckes . c~  l) f~cl( ~,le o 
,s l . D,ck. b,I:Yj Er  3  bento:r: c o 
lIn.  leOL~.S v pPG2~ro.)J.ce c~:_:ulti:ng Offi 111u b. 
co,rbono_ce')r:~2 111:l.t =~riaJ_o 
S}laJ_8jl .gra=l to tJl'"!tO~;71, calccrreO~'ls;J ~31)6c}~ed 
t'Ji t11 ealci te l,ll.~i~S 0 
J-.hlds-cone, gl-'i.l;Y'" to l:hite~ lrerJl rl2..:rd j i:nt:er~ 
bedded Idth ash bed:::; containing coaJ. streaks a 
J..Jo11ses or 1rolC':?1I1UC gl"a:n.'Jc~clcea 
SD.:nclstone j blac}~ volcEi..n.:ic 1i-la<s~'~ t'ut};, trace 
01-' ilolc[:.nic glass l)l.rt gerler:'llly cr:'/stallirleh 
Semel, unconsolidiS,tod andesite basalt wash 1'1ith 
grains &-::.d "'·.:--';-:ts of eta=carbonates. 
G:pain.s t?l~e c -~}tD.J~ to sllD OtDrounded and IIp to 
Ie ;:,cress. InclHded iner·3.1tj Dre ica, feldspar, 
tlo.rrlb~~6~ncle, (?1<~lrtz; has sorle 3ecor.L'~lQ.r:Y" calcite 
cl"y~)tals pre;";cnto 
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I f t h e r e g i o n a l d i p a t t h e s u r f a c e i s p r o j e c t e d a c r o s s t h e maximum 
w i d t h o f o u t c r o p , an a p p r o x i m a t e t h i c k n e s s of 1700 f e e t i s o b t a i n e d f o r 
t h e l i m e s t o n e s and b a s a l t s „ The l o g o f t h e L e o n o r a - R a d d a t z w e l l shows a t h i c k ­
n e s s o f a t l e a s t 2000 f e e t f o r t h e S a l t Lake g r o u p . S i n c e t h e w e l l i s l o c a t e d 
t o t h e w e s t o f ' t h e b a s a l t s o u t c r o p p i n g a t t h e s t i r f a c e , i t must p e n e t r a t e an 
u n d e r l y i n g s e r i e s of beds and lie n e e t h e T e r t i a r y s e c t i o n i n t h e w e l l can be 
added t o t h a t m e a s u r e d on t h e s u r f a c e . T h i s y i e l d s a ' t o t a l t h i c k n e s s o f a t 
l e a s t , 3700 f e e t f o r t h e S a l t Lake g r o u p . 
C o r r e l a t i o n w i t h o t h e r f o r m a t i o n s o f t h e S a l t Lake g r o u p t o t h e s o u t h 
and e a s t i s n o t f e a s i b l e i n v i ew of t h e l a c k of f o s s i l e v i d e n c e . The t u f f s , 
m a r l s , and s h a l e s found i n t h e s u b s u r f a c e s e c t i o n , h o w e v e r , seem t o h a v e a 
s t r o n g r e s e m b l a n c e t o t h e s e d i m e n t s o f t h e J o r d a n Marrows u n i t . 
The b a s a l t s a r e p r o b a b l y r e l a t e d t o t h e P l i o c e n e Snake R i v e r v o l c a n i c 
f l o w s a l t h o u g h t h e y a r e shown a s Eocene on t h e G e o l o g i c Map o f N or th A n e r i c a . 
I n t h i n s e c t i o n t h i s r o c k shows a m i c r o p h i t i c t e x t u r e . O l i v i n e i s t h e p r e ­
dominan t m i n e r a l p r e s e n t w i t h c o n s i d e r a b l e amounts of l a b r a d o r i t e and a u g i t e * 
Q u a t e r n a r y s y s t e m 
The Lake B o r i n e v i l l e l a c u s t r i n e s e d i m e n t s make u p t h e mass of Q u a t e r n a r y 
d e p o s i t s and c o n s i s t o f f i n e s i l t s , c a l c a r e o u s muds , a l g a l l i m e s t o n e s , and 
l e s s e r amounts of t u f a . The t u f a i s p l a s t e r e d i n p l a c e s on t h e b a s a l t s and 
l i m e s t o n e s o f T e r t i a r y a g e . S p r i n g s and t r a v e r t i n e d e p o s i t s can b e found 
of f R o z e l P o i n t ( P l a t e X V I I I ) 
P e t r o l e u m Geology 
The a s p h a l t s e e p s i n t h i s a r e a were known b e f o r e t h e t u r n o f t h e c e n t u r y 
b u t t h e f i r s t o r g a n i z e d o i l e x p l o r a t i o n was i n t h e e a r l y 1900*s (Bou twe11 , 
.
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1 9 0 4 , po 4 7 0 ) . S e v e r a l w e l l s were d r i l l e d b u t a c h i e v e d l i t t l e p r o d u c t i o n . 
About 50 b a r r e l s o f a s p h a l t were o b t a i n e d and s h i p p e d t o Ogden, Utah f o r 
r o a d p a v i n g . I n t h e 1 9 3 0 ! s s e v e r a l f u r t h e r a t t e m p t s were ns.de t o g e t p r o ­
d u c t i o n 0 Two w e l l s we re d r i l l e d o u t i n t h e l a k e a b o u t 1 /4 m i l e from t h e 
s h o r e . See P l a t e XVII I f o r l o c a t i o n . These f a i l e d t o s t r i k e a n y p e t r o l e u m 
o t h e r t h a n t h e a s p h a l t o c c u r r i n g a t o r n e a r t h e s u r f a c e . The w e l l s were 
d r i l l e d e i t h e r on o r n e a r t h e s c o p s or a few m i l e s t o t h e n o r t h and n o r t h ­
wes t* 
The o n l y r e l i a b l e i n f o r m a t i o n r e g a r d i n g t h e s o u r c e b e d s of t h e a s p h a l t 
r e v e a l e d i n t h e w e l l s t h a t h a v e b e e n d r i l l e d i s r e c o r d e d b y B o u t w e l l ( 1 9 0 4 , 
p . 474)* ^ e s t a t e s : 
Hie s o u r c e of t h e s e s e e p a g e s a p p e a r s t o t h o s e who 
have p r o s p e c t e d t h i s g round t o b e a bod of a s p h a l t 
2 o r 3 f e e t t h i c k , which was e n c o u n t e r e d SO f e e t 
t e l o w t h e p r e s e n t l a k e b e d , and an u n d e r l y i n g s e r i e s 
of a s p h a l t i c b e d s 3 t o 5 f e e t t h i c k , -which a l t e r n a t e 
w i t h b e d s of c l a y t o a d e p t h o f I 4 0 f e e t , a t l e a s t . 
The s e e p s a r e s t i l l a c t i v e t o d a y and t h e h e a v y , v i s c o u s b l a c k o i l 
r i s e s t h r o u g h t h e l a k e s e d i m e n t s t o fo rm low, a p p r o x i m a t e l y c i r c u l a r mounds 
s e v e r a l f e e t i n d i a m e t e r on t h e l a k e b o t t o m . S t r i n g e r s f l o a t t o t h e s u r f a c e 
of t h e w a t e r and c o l l e c t a l o n g t h e b e a c h . An o l d c a s i n g l e f t b y t h e e a r l y 
d r i l l e r s s t a n d s s e v e r a l f e e t above t h e w a t e r l e v e l and a s p h a l t s t i l l f l ows 
from i t s l o w l y b u t f r e e l y . 
The a s p h a l t migh t r e p r e s e n t an u p - d i p t a r s e a l i n t h e p r o c e s s o f 
f o r m a t i o n . Uo d r i l l i n g down-d ip t o t h e n o r t h e a s t o f Hoee l P o i n t h a s b e e n 
done t o p r o v e or d i s p r o v e t h e t h e o r y . 
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S a l t Lake g r o u p 
The S a l t Lake g r o u p can d e f i n i t e l y b e s u b d i v i d e d on t h e b a s i s o f 
l i t h o l o g i c d i f f e r e n c e s , u n c o n f o r m i t i e s , a n d s t r a t i g r a p h i c r e l a t i o n s . The 
p a u c i t y o f f o s s i l s and t h e l i m i t e d a r e a s o f o u t c r o p r e n d e r t h e d e s i g n a t i o n 
o f t h e u n i t s a s f o r m a t i o n s open t o q u e s t i o n . The w r i t e r h a s p r e f e r r e d f o r 
t h e t ime b e i n g t o r e f e r t o t hem s i m p l y a s u n i t s . 
Cpjarelaivtori 
The T e r t i a r y r o d s of T o o e l e V a l l e y a n d t h e S t a n s b u r y M o u n t a i n s a r e 
somewhat s i m i l a r t o t h o s e found i n J o r d a n V a l l e y and t h e O q u i r r h M o u n t a i n s . 
The r e s e m b l a n c e i s l i m i t e d t o t h e t h i c k v o l c a n i c s e q u e n c e and f a n g l o m e r a t e 
u n i t o f t h e S t a n s b u r y M o u n t a i n s b o t h of which m i g h t b e c o r r e l a t e d w i t h t h e 
T r a v e r s e v o l c a n i c s and H a r k e r s f a n g l o m e r a t e , r e s p e c t i v e l y , i n t h e O q u i r r h 
M o u n t a i n s . Ho s e d i m e n t a r y d e p o s i t s h a v e been found i n Tooe l e V a l l e y t h a t 
would c o r r e s p o n d t o t h e J o r d a n Ha r rows , Camp W i l l i a m s , and T r a v e r t i n e u n i t s 
of J o r d a n V a l l e y . 
The l i m e s t o n e s and b a s a l t s i n t h e R o z e l H i l l s a r e n o t d u p l i c a t e d f a r t h e r 
s o u t h and r e p r e s e n t a d i f f e r e n t g e o l o g i c s e t t i n g , p e r h a p s r e l a t e d t o t h e 
Snake R i v e r downwarp. 
The f o r m a t i o n s of t h e S a l t l a k e g r o u p i n Cache V a l l e y do n o t c l o s e l y 
r e s e m b l e t h o s e found i n t h e G r e a t S a l t Lake B a s i n . The f a n g l o m e r a t e s i n 
Cache V a l l e y a r e much b e t t e r c o n s o l i d a t e d ; t h e f i n e r , l i g h t e r d e p o s i t s 
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c o n t a i n a h i g h q u a n t i t y of t u f f o r t u f f a c e o u s m a t e r i a l b u t n o t t h e c o a r s e 
v o l c a n i c d e t r i t u s ; t h e c a r b o n a t e r o c k s a r e more l i k e l i m e s t o n e t h a n m a r l ­
s t o n e <, 
The v a r i a t i o n , i n t h e s e d i m e n t a r y u n i t s from one l o c a l i t y t o t h e n e x t 
seems t o be t h e n o r m a l r a t h e r t h a n t h e e x c e p t i o n a l c o n d i t i o n w i t h i n t h e 
G r e a t S a l t Lake B a s i n , Th is i s p r o b a b l y t r u e f o r t h e B a s i n and Range p r o v i n c e 
i n g e n e r a l . S n a i l , i n t e r m i t t e n t l a k e s , i s o l a t e d b l o c k f a u l t m o u n t a i n s c o n s t a n t l y 
r e j u v e n a t e d b y f a u l t i n g , a n d v d d s p r e a d s p a s m o d i c v o l c a n i c a c t i v i t y a l l combine 
t o make f o r pa tchwork d e p o s i t s . Thus , c o r r e l a t i o n i s d i f f i c u l t . 
Geo log i c H i s t o r y 
An o u t l i n e of t h e T e r t i a r y g e o l o g i c I i i . s t o ry o f t h e S a l t Lake g r o u p i n 
J o r d a n V a l l e y i s g i v e n b e l o w . The h i s t o r i c a l g e o l o g y of t h e G r e a t S a l t Lake 
B a s i n a s a whole s h o u l d be s i m i l a r , b u t more d e t a i l e d knowledge o f t h e i n ­
d i v i d u a l , r a n g e s i s n e c e s s a r y i n o r d e r t o c o m p i l e a g e n e r a l i z e d o u t l i n e , 
1 , V o l c a n i s m i n e a r l y O l i g o c e n e ( ? ) t o mid-Miocene ( ? ) 
t i m e b u r i e d m o s t of t h e T r a v e r s e Moun ta in s and a 
p o r t i o n of t h e O q u i r r h M o u n t a i n s . Dur ing t h e 
l a t t e r p a r t of t h e p e r i o d o f v o l c a n i s m , a l a r g e 
l a k e came i n t o e x i s t a n e e and o c c u p i e d t h e i n t e r -
montane b a s i n . I t s e x t e n t i s unknown b u t a p p a r e n t l y 
t h e l a k e cove red much t h e sane a r e a d e f i n e d i n t h i s 
p a p e r a s t h e Grea t S a l t Lake B a s i n and may have 
e x t e n d e d i n t o Nevada 
Limy muds t h a t were l a t e r t o become t h e m a r l ­
s t o n e s and l i m e s t o n e s , c o v e r e d t h e l a k e f l o o r and 
were o f t e n d i s t u r b e d by mud r o c k flow's of v o l ­
c a n i c d e t r i t u s or b u r i e d b y wide s p r e a d a s h f a l l s . 
These d e p o s i t s , t h e v o l c a n i c e x t r u s i v e s and 
l a c u s t r i n e b e d s , r e p r e s e n t t h e T r a v e r s e v o l ­
c a n i c s and t h e J o r d a n Harrows u n i t . 
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2 . The l a k e , p e r h a p s u n a b l e t o m a i n t a i n i t s e l f i n 
t h e f a c e of h i g h e r a r i d i t y and e v a p o r a t i o n , d i s ­
a p p e a r e d . The J o r d a n Narrows u n i t w i t h t h e v o l ­
c a n i c s s u f f e r e d b o t h e r o s i o n and d e f o r m a t i o n b y 
f o l d i n g and f a t i l t i n g . S t r eams d r a i n i n g o f f t h e 
m o u n t a i n s and a c r o s s t h e o l d l a k e b e d s d e p o s i t e d 
t h e damp W i l l i a m s u n i t , p e r h a p s o n l y l o c a l l y , 
a l o n g t h e f l o o d p l a i n s of t h e m a j o r ' / a l l e y s . T h i s 
o c c u r r e d sometime d u r i n g Miocene ( ? ) t i m e , 
3 , I n e a r l y P l i o c e n e t i m e t h e O q u i r r h Moun ta in s were 
much l e s s r u g g e d t h a n t o d a y . Few i f any pe rmanen t 
s t r e a m s d r a i n e d e a s t w a r d from t h e m and t h e c l i m a t e 
was s e m i - a r i d . At t h i s t i m e b l o c k f a u l t i n g commenced 
a g a i n , t h e O q u i r r h M o u n t a i n s were e l e v a t e d , and t h e 
J o r d a n V a l l e y b l o c k d e p r e s s e d . A f a u l t i s b e l i e v e d 
t o e x t e n d a l m o s t t h e e n t i r e l e n g t h o f t h e e a s t f l a n k 
o f t h e m o u n t a i n s a l t h o u g h t h e e v i d e n c e f o r i t s e x ­
i s t e n c e i s r a t h e r t e n u o u s i n p l a c e s . L i t t l e t o p o ­
g r a p h i c e x p r e s s i o n o f t h i s o l d f a u l t r e m a i n s t o d a y . 
The t r a v e r t i n e d e p o s i t s o f d e f i n i t e P l i o c e n e a g e 
i n t h e T r a v e r s e Moun ta ins may have been a d e p o s i t 
from s p r i n g s i s s u i n g a l o n g t h e f a u l t s d u r i n g t h i s 
t i m e , 
4 . U p l i f t of t h e m o u n t a i n s t h u s r e j u v e n a t e d t h e s t r e a m s 
and t h e y b e g a n t o e r o d e a g a i n c a r r y i n g t h e d e t r i t u s 
ou t a l o n g t h e m o u n t a i n f l a n k s and d e p o s i t i n g i t a s 
a l l u v i a l f a n s , r e p r e s e n t e d t o d a y b y t h e H a r k e r s 
f a n g l o m e r a t e . At f i r s t , most of t h e m a t e r i a l e r o d e d 
came from t h e v o l c a n i c r o c k s , b u t c o n t i n u e d e r o s i o n 
e v e n t u a l l y e x p o s e d t h e o l d e r P a l e o z o i c q u a r t z i t e s 
and l i m e s t o n e s , and t h e s e c o n t r i b u t e d l a r g e l y t o t h e 
u p p e r p a r t s of t h e f a n s . 
The c l i m a t e was s t i l l s e m i - a r i d o r a r i d and t h e 
r e l i e f b o l d f o r a s p o i n t e d ou t b y Lobeck ( 1 9 3 9 , 
p p . 2 4 2 - 2 4 5 ) , Twenhofel ( 1 9 5 0 , p , 6 9 ) , and B l i s s -
enbach ( 1 9 5 4 , P° 1 3 5 ) , a l l u v i a l f a n s o r i g i n a t e mos t 
commonly i n a r i d c l i m a t e s . B l i s s e n b a c h s t a t e s , 
"Bold r e l i e f i s e s s e n t i a l , m o d e r a t e l y a r i d t o s e m i -
a r i d c l i m a t e m o s t f a v o r a b l e f o r t h e d e v e l o p m e n t 
of f a n s . " 
5 , Toward l a t e P l i o c e n e t i m e , t h e f a u l t i n g c e a s e d and 
t h e s t r e a m s r e a c h e d e q u i l i b r i u m , 'The c o a l e s c i n g 
a l l u v i a l f a n s were t h e n s u b j e c t e d t o p e d i m e n t a t i o n . 
The ped iment d e v e l o p e d headward a c r o s s t h e f a u l t 
and i n p l a c e s e x t e n d e d a few h u n d r e d y a r d s i n t o t h e 
P a l e o z o i c r o c k s . 
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6 . lhe i n c i s i o n o f t h e ped iment and t h e d e v e l o p m e n t 
of two l o w e r ped imen t t e r r a c e s i s a P l e i s t o c e n e 
s t o r y and i s p r o b a b l y c l o s e l y c o n n e c t e d w i t h t h e 
g l a c i a l and i n t e r - g l a c i a l p e r i o d s . The g rowth 
of g l a c i e r s which marked t h e b e g i n n i n g o f t h e 
P l e i s t o c e n e , m u s t have r e p r e s e n t e d a much we t t e r -
c l i m a t e ( S t o k e s , p e r s o n a l communica t ion ) and t h e 
s t r e a m s r e j u v e n a t e d b y t h e c l i m a t i c c h a n g e , would 
have been c a p a b l e o f c u t t i n g d e e p l y I n t o t h e p e d i ­
m e n t . More f a u l t i n g i n Recent t i m e s , p r o b a b l y 
a l o n g t h e o l d f a u l t l i n e s , h a s been n o t e d a l o n g 
t h e b a s e of t h e Wasatch Range and e l s e w h e r e . 
The a b o v e o u t l i n e i s n o t p r o p o s e d a s a f i n a l , b u t a s a framework which 
may s e r v e t o g u i d e f u r t h e r work and p e r h a p s t o g i v e a b e t t e r i n s i g h t i n t o 
some a s p e c t s o f t h e T e r t i a r y h i s t o r y o f n o r t h e r n U t a h . New s u b s u r f a c e d a t a , 
b e t t e r p a l s c a t o l o g i c a l m a t e r i a l , and more mapp ing w i l l a l l c o n t r i b u t e t o 
advance o u r knowledge and u n d e r s t a n d i n g of t h e S a l t Lake g r o u p i n t h e G r e a t 
S a l t Lake B a s i n . 
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